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2.0 PURPOSE AND SCOPE 

Over the period of the last few years, it has become apparent that a standardized procedure is 

needed for logging alluvial and bedrock material. This need has arisen because each subcontractor 

has slightly different procedures and criteria for logging borehole material. Beginning in 1991, all 

subcontractors will use the procedures that are covered in this SOP. 

By applying these techniques and procedures, it will be possible to standardize the logging of alluvial 

and bedrock materials. In addition, the number of errors and the amount of relogging will be 

reduced. This will allow lithologic descriptions to be compared from year to year and will enable 

the environmental management staff on the Rocky Flats Plant (RFP) site to make interpretations 

based on reliable data. 

On the REP site, "alluvial material" includes alluvium, colluvium, fill, and agronomic soils. Samples 

of alluvium, colluvium, fill, and agronomic soils are to be classified and described using the Unified 

Soil Classification System (U.S.C.S.) and enhanced by Item 10.1 in ASTM D2488, "Description and 

Identification of Soils (Visual-Manual Procedure)." Bedrock material, regardless of the degree of 

weathering, is to be classified and described by using many of the procedures and techniques 

described in Compton's "Manual of Field Geolog)' (1%2), which has been incorporated with 

additional material in this SOP. 

. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

The EG&G project manager has the overall responsibility for implementing this SOP. The 

subcontractor's project manager will be responsible for assigning project staff to implement this 

SOP and for ensuring that the procedures are followed by all subcontractor personnel. 

All personnel performing these procedures are required to have the appropriate health and safety 

training as specified in the site-specific Health & Safety Plan. In addition, all personnel are 

(4011~)(~IREv1)(m/o2/92) 
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required to have a complete understanding of the procedures described within this SOP and receive 

specific training regarding these procedures. 

Only qualified personnel will be allowed to perform these procedures. Required qualifications vary 

depending on the activity to be performed. In general, qualifications are based on education, 

previous experience, on-the-job training, and supervision by qualified personnel. Personnel who log 

alluvial boreholes must study the RFP Alluvial Reference Set that contains examples of all 15 

sample classifications within the U.S.C.S. System. Personnel who log bedrock boreholes must be 

qualified geologists or geologic engineers, who have received special permission to log bedrock 

holes. All of the loggers must study the Core Reference Set that contains 15 representative samples 

of the stratigraphic section in the RFP area. In addition, they must study the Alluvial Reference 

 set.^ These reference sets are used as training guides to help ensure consistency among logging 

geologists. The subcontractor’s project manager will document personnel qualifications related to 

this procedure in the subcontractor’s project Quality Assurance (QA) files. 

All project staff are responsible for reporting deviations from this SOP to the individual’s project 

manager. The subcontractor’s project manager will report deviations and nonconformances to the 

EG&G project manager. 

When field conditions require deviations from the SOP, a Document Change Notice (DCN) will 

be authorized by an EG&G EMD logging supervisor. An EG&G EM Department Administrative 

Procedure outlines the DCN approval process. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

, 

(401 1-9300061-PJO)(GTl REv2)(03/02/92) 
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ASTM. Method for Particle - Size Analvsis of Soils: Soil and Rock Dimensions. Stone and Geo- 

Svnthetics. Vol. 04.08. Sec. D422. 1989. 

ASTh4. 

Manual Procedures’): Soil and Rock Dimensions. Stone and Geo-Synthehcs. Vol. 04.08. Sec. D2488. 

1989. 

Blatt, H., Middleton, G., Murray, R. Oriein of Sedimentarv Rocks. Prentice-Hall. 1972. 

Compton, Robert R. Manual of Field Geology. John Wiley & Sons, Inc. 1%2. 

Harlan, R.L., Kolm, K.E., Gutentag, E. D. 3. Development in 

Geotechnical Engineering, #60. Elsevier. 1989. 

Krumbein, W.C., Pettijohn, FJ. Manual of Sedimentarv PetrQpraphy. Appleton-Century-Crofts. 

1%. 

Unified Soil Classification System. A I  

Q 

and Airfields. ( U S )  Army Engineer Waterways Experiment Station. Vicksburg, MS. 1960. 

5.0 CLASSIFICATION/DESCRIPTION 

5.1 UNIFIED SOIL CLASSIFICATION SYSTEM (US.CS) 

The U.S.C.S. classification system will be used at RFF’. The U.S.C.S., as used in this SOP, has been 

. modified from the Army Corps of Engineers’ Technical Memorandum No. 3-357, “The Unified Soil 

Classification System” (1960). Physical characteristics, which are normally determined through I 
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I laboratory analyses, are not included in this SOP because they are neither practical to do in the field 

nor appropriate to geologic logging. A reprint of the U.S.C.S. is enclosed in Appendix GT.lA. 

5.1.1 Basis of Classification 

The U.S.C.S. historically has been used to classdy "soils" based on their textural properties, liquid 

limit, and organic content. In the past, the term "soil" has been used by engineers as a catchall term 

that includes all unconsolidated material. Because engineers are concerned with how the soil 

behaves as a construction material, this all-inclusive approach has served them quite well. 

However, in this SOP, the U.S.C.S. will be applied only to alluvium, colluvium, fill, and agronomic 

soils. This has been done to separate unconsolidated cover material from bedrock that has well- 

defined sedimentologic and depositional patterns, regardless of the degree to which the bedrock has 

been weathered. In the RFP area, it is more important to determine the possible paths of 

groundwater movement based on lithologic variability and geologic processes than it is to determine 

the engineering properties of weathered bedrock based on its physical behavior. 

I 
5.12 Texture 

5.12.1 Grain Size Scale 

The U.S.C.S. grain size scale is divided into four main categories: (1) cobbles, (2) gravel, (3) sand, I 
and (4) fines. The gravel, sand, and fines are subdivided into coarse and fine gravel; coarse, 

medium, and fine sand; and silt and clay. 

Table GT.l-1 is a summary of the U.S.C.S. grain size scale as well as the Wentworth, Atterberg, 

and U.S. Department of Agriculture grain size scales (Krumbein and Pettijohn 1966; and Compton 

1%2). In this SOP, the U.S.C.S grain size scale is used when logging alluvium, colluvium, fiu, and 

agronomic soils; whereas the Wentworth scale is used for logging bedrock. I 



LOGGING ALLUVIAL AND BEDROCK MATERIAL 

EG&G ROCKY FLATS PLANT Manual: 5-21ooO-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GT.l, Rev. 2 - 

Page: 8 of 34 
Effective Date: March 1,1992 

Category 2 Organization: Environmental Management 

Neither the U.S.C.S. nor the U.S. Department of Agriculture grain size scales have a common base. 

However, both the Wentworth and the Atterberg grain size scales are, geometric series with a base 

of 2 and 10, respectively. 

I It should be noted that the divisions between gravel and sand, as well as those between sand and 

silt, vary from scale to scale. This makes it somewhat difficult to compare the U.S.C.S. grain size 

analyses with analyses based on other scales. Most geotechnical laboratories show only the U.S.C.S. 
grain size ranges on the graph paper. Figure GT.l-1 is a modified graph that shows both the 

U.S.C.S. and Wentworth grain size ranges. ASTM D422, "Particle-Size Analysis of Soils," should 

be used to perform the grain size analyses but should be modified to include a 230 sieve when 

bedrock is being analyzed. I 

Sieves and grain size charts should be used regularly when grain size determinations are made. It 

is important to mention that a small degree of error is inherent between grain size determinations 

made in the field and those derived in the laboratory. Field analyses are based on volumetric 

(visual) measurements, whereas the laboratory analyses are based on weight measurements. 

However, the procedures employed in this SOP significantly reduce the margin of error. 

The logger is responsible for subdividing the core into intervals of similar lithologies. From each 

interval, a small representative sample will be collected, dried, desegregated, and sieved, using the 

appropriate sieve nest. The volume of material in each size class will be measured using graduated 

cylinders and beakers and recorded. The logger must record the percentages of gravel, sand, silt, 

and clay. Percentages of silt and clay can be estimated with the aid of a binocular microscope. The 

percentage of abundance diagrams in Figure GT.l-5 and the soil reference set will be used when 

appropriate. All percentages should normalize to 100% and be recorded in the grain size column 

of the logging form. 

e 
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TABLE GT.l-1 

Grain S i z e  Scales (millimeter[rnm]) 
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5.1.23 Graded Material 

The concept of graded material is used to describe the number of grain size ranges that are present 

within the central portion (approximately 80 percent) of the grain size distribution for samples with 

less than 5 percent fines (silt and clay). If 80 percent of the sample contains predominantly one or 

two grain size ranges (such as medium and fine sand), it is poorly graded and has a symbol (P). 

If 80 percent of the sample contains three or more grain size ranges (such as fine gravel, coarse 

sand, medium sand, and fine sand), it is well graded and has a symbol (W). 

Field values may be checked after the grain size analyses have been calculated and plotted. The 

uniformity coefficient is a useful value that may help determine whether a gravel or a sand is well 

graded. The formula for the uniformity coefficient is: 

where the D values are read directly from the grain size plots and represent the amount of material 

that is finer by weight. Well-graded gravels have a value greater than,4, and well-graded sands have 

a value greater than 6. 

5.13 Field Estimates of Plasticity 

The plasticity characteristics of fine-grained alluvium or the fine fraction of a coarse alluvium should 

be determined per the procedures covered in the U.S.C.S. (Appendix GT.3A). The following 

paragraph and paragraph excerpts are taken from the U.S.C.S in Appendix GT.1A: 

“Particles larger than about the No. 40 sieve size are removed (by hand), and a specimen of soil 

about the size of a l/Zinch cube is molded to the consistency of putty. If the soil is too dry, water 

must be added, and if it is sticky, the specimen should be spread out in a thin layer and allowed to 

lose some moisture by evaporation. The sample is rolled by hand on a smooth surface or between 
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the palms into a thread about 1/8 inches in diameter. The thread is then folded and rerolled 

repeatedly. During this manipulation, the moisture content is gradually reduced and the specimen 

stiffens, finally loses its plasticity, and crumbles when the plastic limit is reached. After the thread 

crumbles, the pieces should be lumped together and a slight kneading action continued until the 

lump crumbles. The higher the position of the soil above the 'A' line on the plasticity chart. . . the 

stiffer are the threads as their water content approaches the plastic limit and the tougher are the 

lumps as the soil is remolded after rolling." 

5.13.1 Low Plasticih 

Alluvial samples with a low plasticity "form a weak thread and. . . cannot be lumped together into 

a coherent mass below the plastic limit." 

5.132 Medium Plasticity 

Alluvial samples with a medium plasticity "form a medium tough thread (easy to roll) as the plastic 

limit is approached but when the threads are formed into a lump and kneaded below the plastic 

limit, the soil crumbles readily." 

5.133 Hiph Plasticity 

Alluvial samples with a high plasticity form a stiff thread "as their water content approaches the 

plastic limit and the tougher are the lumps as the soil is remolded after rolling." 

5.1.4 US.CS. Sample Classification 

The sample classifications of the U.S.C.S. are illustrated in Figure GT.l-2. In order to classify 

alluvium, colluvium, fill, and agronomic soils, it is necessary first to estimate the percent of all the 

grain size ranges in the sample and determine the plasticity of the fines if they comprise more than 

(4011-)(GrlREVz)(a3/02/m) 
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50 percent of the sample. With this information, enter Figure GT.l-2 from the left and progress 

to the right matching the textural, plasticity, and organic characteristics of the sample., 

The progression through Figure GT.l-2 is an "if/then" sequence of decisions that ultimately leads 

to the proper sample classification. For borderline gravel and sand soil classifications whose fines 

content ranges from 5 to 12 percent, a split classification should be assigned based on the two 

dominant soil types with the main type given first. A split classification is also justified for gravel 

and sand soil types having equivalent percentages of coarse fraction material passing the no. 4 sieve. 

Log descriptions should identify the appropriate U.S.C.S. symbol(s) and associated lithologic 

(graphic) log; however, the sample description should reflect the most frequent grain size in a 

manner consistent with the classification for bedrock units (see Section 5.2.5). Two examples follow 

0 Example 1: Seventy-five percent of the material is greater than the No. 200 

sieve; 53 percent greater than the No. 4 sieve (gravel); 22 percent 

is sand; and 25 percent is fines (10 percent silt and 15 percent 

clay). The proper classification for this sample is a sandy gravel 

with some clay and silt (GC). 

. 

I 
0 Example 2 Eighty-five percent of the material is smaller than the No. 200 

sieve; 5 percent is gravel; 10 percent is sand; 30 percent is silt; 

and 55 percent is clay that has a low to medium plasticity. The 

proper classification for this sample is a silty clay with some sand 

and a trace of gravel (CL). I 
Note: Both examples use the range of abundance terms defined in Section 5.2.3.1. I 

Generally, sample descriptions should be made in the following order: I 

a Main textural classification with modifiers 
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0 a 
$ E  De scription 

Major 
Divisions % A S  

Mom then 50% 

Mom than 50% 

smaller than no. 

whose fines range froni 5 to 12%. 

Unified Soil Classification System. 
Modified from "Water-Well Design and Construction; Developnlent in 
Geotechnical Engineering, 60", by R.L. Harlan, K.E. Kohl and 
E.D. Gutentag; Elsevier, 1989. 
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Color' 

Grain sue 

Grading 

Angularity (ASTM D2488) 

Plasticity 

Composition 

Bedding 

Moisture content 

Top of bedrock, if present 

See Section 5.2.4 for guidelines on describing color. For alluvial gravels, the I 
color reported will be that of the matrix. 

5.15 Problems With the U.S.C.S. 

The following are problems that are intrinsic to the U.S.C.S. An obvious problem with the U.S.C.S. 

is that a change of one or two percent in coarse or fine material on either side of the 50 percent 

boundary may cause the sample classification to vary considerably. For example, a clayey gravel 

(GC) or a clayey sand (SC) could easily change to a gravelly clay or a sandy clay with low plasticity 

(CL) or a sandy clay with high plasticity (CH). Clearly a classification system that is this sensitive 

is subject to errors, especially in the field. 

Another problem is that it is all but impossible to determine a liquid limit in the field. For the 

purposes of this SOP, the liquid -limit has been replaced by field estimate of plasticity (see Sub- 

section 5.1.3). All loggers will refer to the RFP Alluvial Reference Set as an aide in making 

plasticity determinations. I 
The U.S.C.S. also lacks the textural property of angularity that helps to determine the maturity of 

a sediment. 
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5 2  

52.1 

523 

523.1 

Finally, the U.S.C.S. is a purely descriptive classification that has been designed for construction 

purposes and concentrates heavily on the physical properties of clay. Because of this, the U.S.C.S. 

has 15 sample classifications and is very cumbersome. 

BEDROCK DESCRIPTIONS 

AU bedrock material should be classified and described by using many of the procedures and 

techniques described in Compton (1%2), which has been incorporated with additional material in 

this SOP. 

Basis of Classification 

Compton classifies sedimentary rocks on the basis of their texture, fabric, and composition. Rock 

descriptions such as conglomerate, sandstone, siltstone, and shale (claystone and mudstone) are 

textural classifications based solely on grain size. When other properties like sorting, roundness, 

bed thickness and contacts, cross-stratification, color, composition, cement, porosity, and fossil 

content are included, it is possible to make interpretations of where, how, and under what 

conditions the sediments were deposited. 

Textural Parameters 

Grain Size Scale 

The Wentworth grain size scale is divided into six main categories: (1) cobble (2) pebbles, (3) 
granules, (4) sand, (5 )  silt, and (6) clay. The pebble and sand categories are subdivided into very 

coarse, coarse, medium, and fine pebbles; and very coarse, coarse, medium, fine, and very fine sand 

(see Table GT.l-1). The scale is a geometric series with a base of 2. 

(401 l-)(Gl'l REv2)(O3/O2/92) 
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Unlike the U.S.C.S. in which the sand/silt boundary occurs at 0.074 mm, the sand/& boundary 

occurs at 0.0625 mm in the Wentworth scale. Since geotechnical laboratories generally plot grain 

size analyses on graph paper that is compatible with the U.S.C.S., it is important to ensure that they 

also include the range of Wentworth grain size intervals on the graph paper (Figure GT.1-1). The 

grain sue distribution of bedrock materials are made using the sieving techniques as described in 

Section 5.1.2.1. 

5222 Degcee of Sorting 

Sorting is a measure of the extent to which a sediment has been winnowed or reworked during 

transport. It also is a good indicator of the maturity of a sediment, the energy of the transporting 

agent, and the environment of deposition. I 

In order to determine the degree of sorting, Compton (1962) states, "an estimate is made of the 

range of grain sizes that include the bulk (here 80 percent) of the detrital materials." It is then 

necessary to count the number of size ranges that are contained in the 80 percent sample (see Table 

GT.l-1). The number of size ranges is then compared with Figure GT.l-3 to determine the degree 

of sorting that describes the sample best. 

52.23 Degl.ee of Rounding 

Rounding is a measure of the amount of abrasion a grain has undergone. However, it is 40t 
gener'ally used to describe sediments that are much finer than sand, because grains finer than sand 

tend to have elastic collisions that do not affect the shape of the grain. Two properties that must 

be considered when estimating the degree of rounding are (1) the composition and (2) the original 

shape of the grain. Rounding can be an indication of sediment maturity, sediment transport history 

and sometimes provenance. The shapes shown in Figure GT.l-4 should be used to estimate the 

degree of rounding of individual grains. 

I 
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TERMS FOR DEGREE OF SORTING 

Very Well I W e l l  I Moderately I Poor ly  IVery Poorly 
Sorted 1 Sorted 3 Sorted 5 Sorted 7 Sorted 

FIGURE GT.l-3 

Temu for degrees of sorting. The numbers indiwte the number of size-classes included by the great 
bulk (SO percent) ofthe material. The drawings represent sandstones as  seen with a hand lens. Silt 
niid clay-size ninterinls are shown dingnniafically by the tiiie stipple. Taken from Compton, 1962. 

TERMS FOR DEGREE OF ROUNDING 

Very Sub- Sub- W e l l  

Angular Angular Angular Rounded Rounded Rounded 

FIGURE GT. l -4  

Terms for degree 0 1  rouiidiiig grains a s  seen with a hand lei=. After Powers, M. C., 1953, "Journal 
of SeJinieiit;iry Petrology", v. 23, p. 118. Courtesy o f  the Society of Economic Paleontologists and 

Mineralogists. Taken froni Compton, 1962. 
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5 2 3  

523.1 

Porosity 

Porosity is not always an easy property to estimate in the field because the bedrock can be 

drastically altered during drilling and coring as well as by weathering. Generally, samples exhibit 

more porosity than the rock actually contains. 

Porosity will be estimated at 2OX using a binocular microscope and expressed as a percentage of 

the total rock volume. The abundance charts shown in Figure GT.l-5 will be used. The porosity 

seen at 2OX power is an estimate of the effective aquifer porosity. 

Estimate of Abundance 

Figure GT.l-5 is composed of several drawings that represent the field of view commonly seen 

through a microscope or hand lens. Each circle contains a number of black areas. Below each 

circle is the actual percentage of black area that the circle contains. All loggers should review 

Figure GT.1-5 until they are adept at estimating the percentages that are contained in the circles. 

Division of Abundang 

Quite often it is necessary to determine the relative abundance of a variable. In these cases, the 

use of the terms trace, some, and abundant has a utility. The ranges for each are given in Table 

GT.l-2. 

I (4011.930M62430)(GTlREV2)(03/02/92) 
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CHARTS FOR ESTIMATING PERCENTAGE COMPOSITION OF ROCKS AND SEDIMENT 

3% 15% - 20% ' 25% 1% 2% 

5% 7% 10% 30% 40% 50% 

Prepared by R. D. Terry and G. V. Chilingar for "Journ;il of Sedinlelltary Petrology" (v. 35, pp. 229-234, 5-2 1000-OPS 
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1955); reprinted as 'Data Sheet 6' of "Geotinies" ;av;ailable from the Anlerican Geologic;al Institute, 3101 

Society of Economic Paleontologists and Mineralologists. Taken from Contpton, 1962. 
Constitution Ave., N.W., Washington, D. C. Reprinted here by permission of  the authors and the 

(401 1-930.01 19-930)~figurc GT.I-SN03iOlr9?) FIGURE GT.1-5 
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TABLE GT.l-2 
RANGE OF ABUNDANCE 

Division Range of Percent 

Trace >O to 5 
Some 6 to 25 
Abundant 26 to 100 

These terms generally follow a "with" statement; such as, Sandstone; light olive gray (5Y6/1), very 

fine to fine grained, with a trace of carbonaceous material. 

52.4 Color 

Color can convey a great deal of information. It helps to identify the components of the sediment 

or rock as well as the cement. In addition, color is indicative of the current chemical environment 

from which the sample was taken. For example, at RFP, highly weathered (oxidized) sandstones 

are commonly brownish-orange while unweathered sandstones are light olive grey. 

To ensure that the color descriptions are accurate and standardized, each sample should be 

described while it is wet by using the Geological Society of America ."Rock-Color Chart" (1984). 

If the sample has dried, it should be moistened with clean water from a squirt bottle. Care should 

also be taken to remove sunglasses when a color determination is being made. 

(401 l ~ ) ( G T l R E V 2 ) ( 0 3 / 0 2 / 9 2 )  



LOGGING ALLUVIAL AND BEDROCK MATERIAL 

EG&G ROCKY FLATS PLANT Manual: 
EMD MANUAL OPERATION SOP Procedure No.: 

Page: 
Effective Date: 

Category 2 Organization: 

5-21oO0-oPs 
GT.1, Rev. 2 

22 of 34 
March 1,1992 

Environmental Management 

525 

52.6 

52.7 

Rock Classification 

Clastic rocks are primarily classified on the basis of their most frequent grain size. The majority 

of rocks at RFP are claystone, siltstones, and sandstones; however, hybrids of these end members 

are quite common. The second and sometimes third most frequent constituents act as modifiers 

and precede the major rock name in the description; such as, silty sandstone or clayey siltstone. 

If, however, a rock is composed of 80 percent or more of one constituent, then it should be 

described solely as that rock type. The secondary textural modifiers should then be described in 

the description following a "with" statement. Figure GT.l-6 shows all the rock classifications and 

their lithologic symbols that should be used while logging bedrock samples. 

Cement 

The nature of the cementing medium should be described whenever possible. Typical cementing 

agents are clay (argdlaceous cement), silica, and calcium carbonate (caliche). 

Friability 

The tendency of a rock to crumble is related to how well it is cemented and the extent to which it 

has been weathered. Table GT.l-3 shows the degree of friability. 

(401 1.93(Mo6t93o)(GTl REV2)(03/02/92) 

/ 
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CONGLOMERATE 

LITHOLOGIC SYMBOLS FOR 
COMMON CLASTIC ROCKS 

FIGURE GT.l-6 

e 

SILTSTONE SANDSTONE CLAY STO N E 

- -7  

0 @ 0 @  

CLAYEY 
CONGLOMERATE 

CLAYEY 
SANDSTONE 

SILTY 
CLAYSTONE 

CLAYEY 
SILTSTONE 

. a * * *  

. a .  /a . a / .  a 
. . . . .  

/ 
m . . . .  

/ / 
B 

SANDY 
SILTSTONE 

SILTY 
SANDSTONE 

SILTY 
CONGLOMERATE 

SANDY 
CLAY STON E 

SANDSTONE 
W/ CALICHE 

CALICHE SILTSTONE 
W/ CALICHE 

CONGLOMERATE 
W/ CALICHE 

. . a .  a 

I . . . . .  
I 

IRONSTONE 
OR IRONOXIDE 

MODULES 

CLAY STON E 
W/ IRONOXIDE 

MODULES 

C O A L  SANDSTONE 
W/ CARBONACEOUS 

MATERIAL 
(401 1-V30132-930)(Figurc GT.l4)(03/OLi92) 



LOGGING ALLUVIAL AND BEDROCK MATERIAL 

EG&G ROCKY FLATS PLANT Manual: 5-21OOO-OPS 
GT.l, Rev. 2 Procedure No.: 

Page: 24 of 34 
Effective Date: March 1,1992 

Category 2 Organization: Environmental Management 

EMD MANUAL OPERATION SOP 

Term 
Highly Friable 

Moderately Friable 

Slightly Friable 

TABLE GT.l-3 

DEGREE OF FRIABILITY 

Definition 

Crumbles readily into individual 
grains upon minor disturbance 

Will crumble into individual grains 
with extensive rubbing 

Can be broken into individual grains 
by scraping it with a pocket knife 

Non-Friable ' Cannot be broken into individual 
grains by any of the methods 
described above 

5 2 8  Composition 

It is not the objective of this SOP to classify sedimentary rocks on the basis of their mineral content 

by using tertiary diagrams with quartz/chert, feldspar, and lithic fragments at each pole. Since 

Compton wrote the "Manual of Field Geologf in 1962, several classifications have been published. 

Two of the most widely used classifications are those published by Earl McBride in 1963 and Robert 

Folk in 1974. Blatt, et al., (1972) presents an excellent evaluation of these and other classifications. 

For the purpose of this SOP, the geologist is concerned with describing only accessory minerals, 

fossils, and other components that distinguish one rock from another. The descriptive term(s) 

should follow a "with" statement; such as, silty sandstone; light olive grey (SY6/1), very fine gr8ined, 

with some pink feldspar rock fragments. 
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52.9 Bedding and Internal Structure 

In sedimentary rocks, bedding is related to differences in texture, composition, and color, and 

reflects changes in the environment of deposition and/or the source material. Depending on the 

depositional processes that are involved, bedding boundaries may or may not represent a specific 

moment in time. 

Compton classifies bedding as repeated sequences of beds, shapes of individual beds, and cross- 

bedding (cross-stratification). -Repeated bedding is produced by cyclic changes in the sedimentary 

processes. Individual bed shapes are classified as tabular, lenticular, linear, wedge-shaped, or 

irregular. Cross-stratification is classified on the basis of its external and internal characteristics. 

External forms of cross-stratification are tabular, wedge shaped, and trough shaped. Internal 

descriptive terms that are commonly used are graded, massive, laminated, and tangential (Figure 

GT.l-7). Other internal features to be described include ripple marks, flow structures, burrows and I 
tubes, load casts, and desiccation cracks (mud cracks). 

52.10 Fractures and Slickensides 

Fractures should be described whenever they are present. Fractures occur naturally in bedrock and I 
should not be confused with breaks induced by coring and handling. The characteristics that should 

be noted about the fracture are: 

b Whether the fracture is opened or healed 

The composition of the material filling the fracture, if any 

The angle of the fracture from the horizontal 

b 

b 

0 The apparent displacement of bedding across the fracture 

b Whether slickensides are present and the angle of any striations from the 

horizontal 

(401 laoawao)(cnREv2)(cn/o2/92) 
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BEDDING AND INTERNAL STRUCTURES 
A B 

Cross-bedded rocks. (A) Tabular sets with diagonal patterns. (B) Wedge sets, showing 
considerable erosion between each set. (C) Tabular to lenticular sets with tangential pattens; 
typically, these are laminated niarine beds. (D) Symmetrical trough sets with distinctly linear 
axes; typically, these are large-scale fluvial features. The arrows indicate current directions. 

Taken from Cornpton, 1962. 

Massive 
Sandslone bed 

Graded sandstone 
bed wilh pebbly 
lensn 

SCl or 
I )  
c' - cross-laminated :: sandstone be& 

Set or 
crass-slrala 

Set or graded 
sill-clayslone 
beds (varves) 

Laminaled shale 
wilh IM-inch 
sandslone beds 

Various beds and sets of beds. Taken horn Cornpton, 1962. 

FIGURE GT.l-7 1 

(401 I -93&0120930)( Figure GT. I -7)(OYOI/PZ) 
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52.11 Moisture Content 

The core will be described as dry, moist, or saturated, and the depth to the top of the saturated 

interval wil l  be recorded. If a static water level can be measured, it will be noted. The moisture 

content and static water level (if present) will be recorded in the field on the back of the core 

logging form. The core logger will include this information in the core description. 

52.12 Lithologic Description 

Generally, lithologic descriptions should be made in the following order: 

I 

Top of bedrock;if present 

Main rock type with modifiers 

Color 

Grain size 

Degree of sorting 

Degree of rounding 

Porosity 

Cement 

Friability 

Composition 

Bedding and internal structure 

Fractures and slickensides 

Moisture content 
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6.0 LOGGING 

This section describes the field procedures used while logging. 

It is the responsibility of the logging personnel to ensure that all of the materials and equipment 

needed for logging are at the site. 

6.1 LOGGING EQUIPMENT 

The following is a list of equipment that is necessary to properly log the alluvial and bedrock 

material. 

0 Core Reference Set 

0 Alluvial Reference Set 

0 Rock-Color Chart 

0 Logging forms 

0 Hand lens 

I Nos. 4, 10, 40, 200, and 230 sieves (8-inch) with lid and base 

Six-foot metal tape measure in tenths of a foot 

Core boxes (2 feet long, 5 columns each 2-1/2 inches wide) (such as, Boise 

Cascade No. 17-505 top and bottom) 

Wood blocks (2-1/2 inches x 3/4 inches) for marking depths and sample locations 

Jars for cuttings 

Wentworth and/or Amstrat grain size charts 

Knife 

Acid (10 percent HCI) in squirt bottle 

Water in squirt bottle 

Black waterproof (permanent) markers and pens 

Protective clothing and equipment (see Health & Safety Plan) 
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Flashlight 

Hammer 

Clipboard 

Table 

Duct tape 

Paper towels 

Plastic wrap 

Protractor 

Camera (35 rnm) with film (Kodak color patch) 

Flat-bladed screwdriver 

Awl 

Binocular microscope 

Mortar and pestal 

Hot plate 

Spot plate 

500 ml beakers 

10 ml and 50 ml graduated cylinders 

Watch glass 

6.2 CORES AND CU'ITINGS 

6.2.1 Scanning the Core 

After an interval of core has been cut and the sampler has been opened, the core will be scanned 

for hazardous and radioactive contamination. The field use of monitors for the detection of volatile 

organics and radionuclides is discussed in SOPS F0.8, Handling of Drilling Fluids and Cuttings; 

F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs); and F0.16, Field 

Radiological Measurements. Once the core has been scanned, it will be handled in accordan& with 
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the Health and Safety Plan. See Section 6.3, Core Boxes for a discussion on isolating core sections 

that are suspected of containing radioactive and/or hazardous substances. 

622 Percent Recovery 

The core should be consolidated in the sampler, measured to the nearest tenth of a foot, and if 

competent, etched with two parallel lines using an awl and a flat-bladed screwdriver. The awl line 

will be etched on the left side of the core, for the entire length of the core. The screwdriver line 

will be etched on the right side of the core, for the entire length of the core. These etched lines 

denote the "up" position. All competent core will be etched with enough pressure so the lines are 

readily visible, but not with enough pressure so the core's features are obliterated or altered. Once 

etched, the core will be slid out onto the plastic wrap that has been placed in the core box. The 

interval drilled and the interval recovered will be recorded on the logging form. Figure GT.1-8 is 

an example of a completed logging form. Wood blocks with footage values marked on them in 

black waterproof ink will be placed at each end of each core run. Intervals of no recovery should 

be recorded on wooden blocks and placed at appropriate locations in the core box. If only cuttings 

were collected, a representative simple will be collected every 2 feet, unless drilling rates and/or 

depth constraints make this impractical in which case 5-foot samples will be collected. The EG&G 

project manager will determine the collection interval. The samples will be placed in labeled jars 

in the core box. 

If the cores or drill cuttings are logged at a separate location removed from the drill site, the 

following information will be recorded on Form GT.1B (located on the back of Form GT.1B): 

generalized lithologic descriptions, moisture content, depth to water table, and all geochemical and 

geotechnical sample numbers with corresponding sampling depths. Cores and logging forms will 

be delivered to the remote location within one day of filling each core box. The first four columns 

of the log will either be filled out in the field, or the information to properly fill out the columns 

will be provided on Form GT.1B. 
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6 2 3  Logging 

The core or cuttings will be logged according to all of the procedures previously covered in this 

SOP. 

62.4 Photographing the Core 

Any and all photographing procedures must conform to plant security controls. Each box of core 

should be photographed with a 35 mm camera before it has been logged and sampled. If the core I 
is photographed at RFP, the camera will have to be cleared and left on site until the project is 

completed. In addition, all of the film must be processed by RFP. An identification tag and a 

Kodak color patch should appear in each photograph. The identification tag should contain: 

0 The well name 

0 Footage values of the core in the box 

The box number and the total number of boxes for that borehole, such as Box 1 I 0 

of 7 
0 Date core was taken 

Project number 

625 Sampling 

Samples that are taken for grain size analyses and permeameter tests should be removed only after 

the core has been logged and photographed. At the time a sample is taken, a wood block with the 

following information must be placed in the.core box at the point the sample was removed 
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ROCKY FLATS PLANT BOREHOLE LOG PAGE L  OF^ 
Borehole Number: wel\ o r  RH Aumber Surface Elevation: 5963 $L 
Location - N rth- 749718.7 East: -747.7 
Date: 
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Company: Subrnn4 rarboc Project NO.: OU * 
Sample Type: c onb i nua u s c o r e  
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?% 
- 

0 
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q SAMPLE DESCRIPTION a d q  
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i 
NOTES: General: USCS is modified for this log as follows: 

Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not possible. 

, I401 l-93001Y-930~Forni GT.lA~O30llpr) FIGURE. GT.l-8 
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0 Sample number 

0 Depth 

0 Purpose 

0 Company 

0 Date 

This information will be marked on the wood block with a black waterproof (permanent) marker. 

6 3  COREBOXES 

The core boxes will be similar to the boxes described in Subsection 6.1 above. Each core box and 

lid will be marked with the following information: 

Well name 

0 Depth interval 

0 Project name 

0 Well site geologist’s initials 

0 Date 

0 Logger’s initials (after logging is completed) 

Box number and the total number of boxes 
Appropriate hazardous waste labels 

After samples have been scanned as discussed in Subsection 6.2.1, the core will be containerized. 

Radiation and volatile organic analysis (VOA) readings will be written on the tops of the core 

boxes. Sections of the core suspected of containing radioactive and/or hazardous substances will 

be removed, segregated by their potential contaminant characterization, and placed in core boxes 

designated for potentially contaminated core. The remaining core will then be placed in separate 

core boxes. Wood blocks will be placed within the core boxes to indicate the position where 

37 



LOGGING ALLUVIAL AND BEDROCK MATERIAL 

EGSLG ROCKY FLATS PLANT Manual: 
EMD MANUAL OPERATION SOP Procedure No.: 

Page: 
Effective Date: 

Category 2 Organization: 

5-2 lo00-0 PS 
GT.l, Rev. 2 

34 of 34 
March 1, 1992 

Environmental Management 

potentially contaminated core sections were removed. Blocks will be marked with the interval of 

the core section removed and where the section can be located. 

I The core boxes will be closed and secured in a manner such that core will not be disturbed or 

mislocated during transportation. Core boxes suspected of containing low-level radioactive 

substances will be labeled with a "White I" radioactive label. Core boxes suspected of containing 

volatile organic or mixed substances will be labeled with a Department of Transportation "Other 

Regulated Material Class E" (ORM-E) label (see SOP FO.10, Receiving, Labeling, and Handling 

Environmental Materials Containers). If the suspected contamination is mixed substances, the core 

box will also be marked with the words "SUS RAD" for suspected radioactive contamination. 

Core boxes suspected of containing radioactive and/or hazardous substances will be stored in a 

facility designated for potentially contaminated core. All other core boxes will be stored at the main 

core storage facility at RFP. 

7.0 DOCUMENTATION 

. A permanent record of the implementation of this SOP will be kept by documenting all information 

required by the SOP on the Borehole Log Form (Form GT.lA). Drilling activities will also be 

documented on the hollow-stem auger or rotary and core drilling Field Activities Report Forms (see 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques, and SOP GT.4, Rotary 

Drilling and Rock Coring). 

The logger will primarily be responsible for each aspect and each procedure. 
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2) 

ROCKY FLATS PLANT BOREHOLE LOG PAGE -OF- 
Borehole Number: Surface Elevation: 
Location - North: East: Area: 
Date: Total Depth: 
Geologist: Company: Project No.: 
Drilling Equip.: Sample Type: 

EG&G LOGGING SUPERVISOR 
APPROVAL DATE 

SAMPLE DESCRIPTION 

NOTES: General: USCS is modified for this log as follows: 
Materials amounts are estimated by % volume instead of % weight. 
(1) Badly broken core, accurate footage measurements not possible. 
(2) Core breaks cannot be matched, accurate footage measurements not possible. 

(401 1-93C-01Y1-9MNForm GT.IA)(O?401/9?) 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1B (REV. 2) 

PRELIMINARY WELL-SITE FIELD LOG PAGE-OF- 

Date: Borehole Number: 

Rig Geologist: Company: 

FEET 
I 

I 

NOTES: 

(401 1-93041 35-930)(Fom GT.1 B)(03/0l/rZ) 
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Preface 

The purpose of t h i s  manual is t o  descr ibe and explain the use of 

t h e  "Ucified S o i l  Class i f ica t ion  System" i n  order  t h a t  i d e n t i f i c a t i o n  

of s o i l  types w i l l  be on a common b z s i s  throughout the  agencies u s i n g  

t h i s  system. 

The prograr! of m i l i t a r y  e i r f i e l d  construct ion undertaker! by the 

Depu tnen t  of the Army i n  1941 revealed a t  an e a r l y  stage t h a t  e x i s t i n g  

s o i l  c l a s s i f i c a t i o n s  were not  e n t i r e l y  appl icable  t o  the work involved. 

, 12 1942 the Corps of Engineers t e n t a t i v e l y  adopted the  "Air f ie ld  

Clzss i f ica t ion"  of s o i l s  which had been developed by D r .  A r t h e  

Casagrande of t he  Harvard University Graduate School of Engineering. 

As a result of experience gained s ince  that time, the  o r i g i n a l  classi- 

f i c a t i o n  has been expanded and r ev i se5  in cooperation with the Bureau 

0 

of Reclamation so  t h a t  it appl ies  not only t o  airfields b u t  a l s o  t o  

embahbents,  foundations, and other  engineering fea tures .  

Acknowledeent i s  made t o  D r .  Arthur Casagrande, Professor  cf 

Soil Kechanics and Foundation Engineering, Harvard University,  f o r  

pe-mission to incorporate in this manual considerable i n f o m a t i o n  f r u  

the paper "Class i f ica t ion  and Iden t i f i ca t ion  of Soils" published i n  

Transactions,  American Society of C i v i l  Engineers, volume 113, 1948. 

This manual w a s  prepared under the d i r e c t i o n  of the Office, Chief of 

Engineers, by  the So i l s  Division, Waterways Experiment S ta t ion .  
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UNITED SOIL C T A S S F I C A T I O N  SYSTEM 

intzcduction 

Need f o r  a clzsslficatioz system .. 
1. The adoFtion of the principles of soil mechanics by the engi- 

neering profession has inspired numerous attempts to devise a simple 

classificztion system that will tell the engineer the properties of a 

given soil. 

ence >=sed on certain properties of soils such as texture, plasticity, 

strength, m e  other cfia-rzcteristics. 

As a ccnsequence, many clmsifications have come into exist- 

A few clzssification systens have .!? 

gained fairly wide acceptznce, but it is seldom that any particular sys -  

tem has provided the ccxplete information on a soil that the engineer 

needs. Nearly every engineer who practices soil mechanics will add 

judgment and personal experience as modifiers to whatever s o i l  clzssifi- 

cation system he uses, so that it may be said that there are as many 

classification systems as there are engineers using them. 

within a given agcacy, where desies and plans are reviewed by persons 

entirely removed frcm a project, a common basis of soil classification is 

Obviously, 

necessary so that when an engineer classifies a soil as a certain type, 

this classification will convey to another engineer not familiar with the 

region the proper chsracteristics and behavior of the material. Further 

than this , the classificztion should reflect those behavior characteris- 
tics of the soil that are pertinent to the project under consideration. 

Basis of the unified soil 
classification svstern 

2. The unified soil classification system is based on the 



2 

ident i f ica t ion  of s o i l s  according t o  t h e i r  t e x t u r a l  and p l a s t i c i t y  quali-  

t ies  and on t h e i r  grouping w i t n  respect t o  behavior. Soi l s  seldom e x i s t  i n  

nature separately as s x d ,  gre\*e1, or any other s ingle  component, but 

ere  usually found as mixtures w i t h  varying proportions of p a r t i c l e s  of 

d i f f e r e n t  s izes ;  each component p a r t  contr ibutes  i t s  charac te r i s t ics  t o  

the s o i l  mixture. The unif ied s o i l  c l a s s i f i c a t i o n  system,is  based on 

those charac te r i s t ics  of the s o i l  t h a t  indicate  how it w i l l  behave as an 

engineering construction material .  

found most useful for  t h i s  purpose and form the  basis of soil ident i f ica-  

t ion .  

The following propert ies  have been 

They can be determined by simple tests and with experience can be 

estimated w i t h  some accuracy. 

- a. Percentages of gravel, sand, and f i n e s  ( f rac t ion  passing 
No. 200 sieve).  

. -  

b. - 
- c.  

Shape of the grain-s ize-dis t r ibut ion curve. 

P l a s t i c i t y  and compressibility charac te r i s t ics .  

. 

In' the unif ied s o i l  c l a s s i f i c a t i o n  system the s o i l  i s  given a descriptive 

name and a l e t t e r  symbol indicating its p r b c i p a l  charac te r i s t ics .  

Purpose and scope of manual 

3. It is the purpose of t h i s  manual t o  describe the various s o i l  

groups i n  detai l  and t o  discuss the  methods of ident i f ica t ion  i n  order 

t h a t  a uniform c l a s s i f i c a t i o n  procedure may be followed by all who use 

the  system. 

accomplished by v isua l  examination and laboratory tests as a means of 

Placement of the soils i n t o  t h e i r  respective groups is 

bas ic  ident i f icat ion.  This procedure I s  described i n  the main t e x t  of 

t h i s  manual. The c l a s s i f i c a t i o n  of the soils I n  these groups according 

- t o  t h e i r  engineering behavior f o r  various types of construction, such as 



ernbadments, foundations, roads, and a i r f i e l d s ,  is t reated sepa-ztely i n  

aypendices hereto which w i l l  be issued as the need ar ises .  It i s  rec- 

o-c.ized t hz t  t h e  unifiec? clessi f icet ion systerr. i n  i t s  areser.t FOE. 12.3.' 

not prove e n t i r e l y  aciequzte i n  211 cases. 

the c lass i f ica t ion  of soils i n  accordance with this 'systen,  have some de- 

gree of e l a s t i c i t y ,  and t h a t  the system not be followed blindly nor re- 

However, it is inzenaed t h 2 t  

gvded as completely rigid. 

Definitions of s o i l  ccmonents 

4. Before s o i l s  can be classif ied properly i n  any system, includ- 

ing the one presented i n  t h i s  manual, it i s  necessary t o  es tabl ish a 

basic teminology fcr t h e  various s o i l  components and t o  define the te rns  

used. I n  the unif ied s o i l  c lass i f icat ion the names "cobbles," "gravel, It 

"san&," and "f ines  ( s i l t  o r  clay)" are used to designate t h e  s i z e  ranges 

of s o i l  par t ic les .  

into the groups presented below. 

various size  ranges have been a r b i t r a r i l y  s e t  at cer ta in  U. S. Stan-d 

The gravel and sand ranges are further subdivided 

The limiting boundaries between the  

sieve sizes i n  accordance with the following tabulation: 

Component Size Range 

Cobbles , Above 3 in. 

Grave 1 3 in. to No. 4 (4.76 mm) 
3 in. t o  3/4 in.  
3/4 in. t o  NO. 4 (4.76 mm) 

Coarse gravel 
Fine gravel 

Sand No. 4 (4.76 mm) t o  No. 200 (0.074 mm) 
Coarse sand No. 4 (4.76 mm) to No. 10 (2.0'm) 
Medium sand No. 10 (2.0 m) to No. 40 (0.42 mm) 
Fine sand No. 40 (0.42 mm) t o  No. 200 (0.074 mm) 

Fines ( s i l t  or  clay) Below No. 200 (0.074 mm) 

These ranges a r e  shown graphically on the grain-size sheet, p la te  1. In 



the  f i n e s t  s o i l  component (below No. 200 s ieve)  the terms "silt" and 

"clay' '  are  used respectively t o  dis t inguish mater ia ls  exhibit ing lower 

p l a s t i c i t y  frcn those with higher p l a s t i c i t y .  The minus No. 200 sieve 

mater ia l  i s  "s i l t "  if the l i q c i d  lkit and p l a s t i c i t y  index p l o t  belor: 

the "A" l i n e  on the  p l a s t i c i t y  char t  (p la te  2), and i s  "clay" i f  t h e  

l i q u i d  l i m i t  and p l a s t i c i t y  index p lo t  above the "A" l i n e  on the char t  

(all Atterberg limits t e s t s  based on minus N o .  40 sieve f rac t ion  of a 

s o i l ) .  

and f o r  organic si l ts ,  but  is not val id  f o r  organic clays since these 

l a t t e r  s o i l s  p lo t  below the "A" l ine .  

The foregoing def in i t ion  holds for inorganic silts and clays 

The names of the basic s o i l  com- 

ponents can be used as nouns or adject ives  i n  the n u e  of a s o i l ,  as 

explained l a t e r .  

. The Classif icat ion System . 

5 .  A short  discussion of the unif ied s o i l  c l a s s i f i c a t i o n  sheet,  

t a b l e  1, is  presented i n  order t h a t  the  succeeding de ta i led  description 

may be more e a s i l y  understood. 

a l l y  t o  the ident i f ica t ion  of soi ls  regardless of the  intended engineer- 

ing uses. 

major divisions of the c l a s s i f i c a t i o n  and the group symbols t h a t  d i s t i n -  

guish the indiyidual s o i l  types. Names of t y p i c a l  and representative 

so i l  types found i n  each group are shown in column 4. 

dures f o r  identifying soils by general c h a r a c t e r i s t i c s  and from perti-  

nent tests and visua l  observations are shown i n  column 5. "he desired 

descr ipt ive information for  a complete i d e n t i f i c a t i o n  of a s o i l  is  pre- 

sented in colunm 6 .  

-5 

This sheet i s  designed t o  apply gener- 

The f i rs t  three columns of the c l a s s i f i c a t i o n  sheet show the 

The f i e l d  proce- 

In  column 7 ere presented the laboratory 
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c less i f ica t ion  c r i t e r i a  by which the various s o i l  groups are  ident i f ied 

and distinguished. 

SifjCEg soils frm the resu l t s  of leDorztor>- tesxs.  

Table 2 shows.en auxiliary s c h m a t i c  method of c l a s -  

The apoliczticz 2c(i 

use of t b i s  chart  art discussed i n  greeter detail under e subsequez: 

heading i n  t h i s  manual. 

Soil ~ O U D S  and mom svmbols 

6. Ma.jor divisions. Soils are  p i m a r l l y  divided in to  coarse- 

grained so i l s ,  fine-grained so i l s ,  and highly organic s o i l s .  

t ex tura l  basis, coarse-pained s o i l s  -=re those thdt have 50 per cent or 

l e s s  of t!!e constituent material passing the No. 200 sieve, and fine- 

grzined s o i l s  are  those t h a t  have more than 50 per cent passing the 

On a 

No. 200 sieve. 

by visual  examination. 

gravel and gravelly so i l s  (symbol G ) ,  and sands and sandy s o i l s  (sym- 

bol  S). Fine-grained s o i l s  are subdivided on the  bas i s  of the  l iqu id  

li3it; s p b o l  L is  used for  so i l s  with liquid l b i t s  of  50 and l e s s ,  

and symbol H for  soils with l iquid limits in excess of 50 (see p le te  2). 

Peat and other highly organic so i l s  are  designated by the symbol P t  and 

are  not subdivided. 

Highly organic s o i l s  are i n  general readi ly  ident i f ied 

The coarse-grained s o i l s  a re  subdivided i n t o  

7. Subdivisions, coarse-qained so i l s .  I n  general pract ice  there 

is no clear-cut boundary between gravelly s o i l s  end sandy s o i l s ,  and as 

far as behavior is  concerned the exact point of divis ion is r e l a t i v e l y  un- 

important. For purposes of identification, coarse-grained soils are  

classed as gravels ( G )  i f  the greater percentage of the coarse f ract ion 

(retained on No. 200 sieve) is larger t h a n  the No. k’s ieve  and as sands 

(S) if the greater portion of the coarse f ract ion is f i n e r  than the KO. 4 

‘ 
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sieve.  Borderline cases may be c l a s s i f i e d  as belonging t o  both groups. 

The gravel ( G )  and sand (S)  groups a r e  each divided in to  four secondary 

groups as follows: 

- a. Well-graded mater ia l  with l i t t l e  or no f ines .  
Groups GW and SW. 

Poorly-graded mater ia l  with l i t t l e  o r  no f ines .  
Groups GP and SP. 

Symbol L'. 

b. - Symbol P. 

- c.  Coarse material  with nonplastic f i n e s  o r  f i n e s  w i t h  l o w  
p l a s t i c i t y .  Symbol M. Groups GI4 and SM. 

- d. Coarse material  w i t h  p l a s t i c  f i n e s .  Symbol C .  Groups GC 
and SC. 

8. Subdivisions, fine-mained s o i l s .  The fine-grained soils are  

subdivided in to  groups based on whether they have e r e l a t i v e l y  low (L) 

or high (H) l iqu id  l i m i t .  These two groups a re  f u r t h e r  subdivided as 

.-- 
follows : 

- a. Inorganic silts and very fine sandy soils; s i l t y  or clayey 
f i n e  sands; micaceous and diatomaceous s o i l s ;  e l a s t i c  
silts. Symbol M. Groups ML and MH. 

b. - Inorganic clays. Symbol C ,  Groups CL and CB. 
? 

. - c. Organic si l ts  and clays. Symbol 0. Croups OL and CH. 

Discussion of Coarse-grained Soi l s  

GFI and SW groups 

9. n e s e  groups comprise well-graded gravel ly  and sandy s o i l s  

having l i t t l e  o r  no nonplastic fines (less than 5 per cent  passing the 

No. 200 s ieve) .  

t h e  strength charac te r i s t ics  of the coarse-grained f rac t ion  and must not 

The presence of the f ines  must not noticeably change 

i n t e r f e r e  with i t s  free-draining charac te r i s t ics .  If the  material con- 

- t a b s  l e s s  than 5 per  cent f i n e s  t h a t  exhib i t  p l a s t i c i t y ,  t h i s  
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information should be evalusted and the s o i l  c l a s s i f i e a  as discussed sub- 

sequently under "Laboratory Identification." 

action, the materiel should not contain more than aocut 3 per  cez: of 

In arees. sub j e c t  t o  f r o s t  

s o i l  grains smaller than 0.02 mm i n  size.  

s o i l s  are  sham on pla te  3. 

Typical exanples of Cj! anE S\,! 

GP and SP groms 

10. Poorly-graded gravels and sands containing l i t t l e  or no non- 

p l a s t i c  f ines  (less than 5 per cent passing the No. 200 sieve) a r e  

classed i n  the GP and SP groups. 

gravels, uniforn sands, or nonuniform mixtures of very coarse material  

The materials may be classed as uniform 

and very f i n e  sand, with intermediate s izes  lacking (sometimes called 

skip-graded, gap-graded, or step-gr8ded). 

f rom borrow excavation in whichcgravel and sand layers  are mixed. 

f i n e  f r s c t i o n  exhibi ts  p l a s t i c i t y ,  this information should be evaluated 

The l a t t e r  group of ten r e s u l t s  

If the  

and the s o i l  c lass i f ied  as discussed subsequently under "Laboratory 
1 

. ,  Identification." Typical examples of various types of GP and SP s o i l s  c 

are s h a m  on pla te  4. 

GM and SM m o m s  

11. I n  general, the  GM and SM groups comprise gravels o r  sands with 

f ines  (more than P per cent passing the No. 200 sieve) having low or no 

p l a s t i c i t y .  The p l a s t i c i t y  index and l iqu id  l i m i t  (based on minus No. 40 

sieve f rac t ion)  of so i l s  Fn.the group should p l o t  below the "A" l i n e  on 

* In the preceding two paragraphs s o i l s  of the GW, GP, SW, and SP 
groups were defined as havlng l e s s  than 5 per cent passing the No. 200 
sieve. Soi l s  which have between 5 and I2 per cent passing the No. 200 
sieve a re  classed as "borderline" and are  discussed in paragraph 33 
under t h a t  heading. 
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the  p l a s t i c i t y  char t .  

s i g n i f i c a n t  and both well- and poor ly-saded  ma te r i a l s  axe included. 

ScEe of thc  sands znd &rZVelS i n  t h i s  group w i l l  have a binder cmposed 

of n a t u r a l  cementing agents,  so  proportioned thtt the  mixture shcvs neg- 

l i g i b l e  swelling or shrinkage. Thus the  dry s t r e n g t h  of such mater ia l s  

i s  provided by a small amount of s o i l  binder  o r  by cementation of c a l -  

The gradation of t he  ma te r i a l s  i s  not considered 

careous ma te r i a l  or i r o n  oxide. 

i n  t h e  GI4 and SM groups may be composed of 'silts o r  rock f lou r  types 

having l i t t l e  o r  no p l a s t i c i t y  and the  mixture w i l l  e x h i b i t  no dry  

The f i n e  f r a c t i o n  of other  mater ia l s  

s t r eng th .  

p i a t e  5 .  

Typicel exaziples of types of GEl and SM s o i l s  are  s h a m  cn 

GC and sc WOUDS 

12. I n  general ,  the  CC and SC groups comprise grave l ly  o r  szndy - 
soi ls  with f i n e s  (more than 12 per cen t  passing th=  No. 200 s ieve)  whict! 

have e i t h e r  low or high p l a s t i c i t y .  The p l a s t i c i t y  index and l iqu id  

- .  U m i t  of s o i l s  ( f r a c t i o n  passing the  No. 40 s i e v e )  i n  the  group should 
1 

p l o t  above the  "A" l i n e  on the  p l a s t i c i t y  cha r t .  

materials is not  considered s i g n i f i c e n t  and both well- and poorly-graded 

'Ihe gradation of the  

ma te r i a l s  a r e  included. The p l a s t i c i t y  of t h e  binder  f r ac t ion  has more 

inf luence on the  behavior of the  soils than does va r i a t ion  i n  gradation. 

The f i n e  f r a c t i o n  is general ly  composed of c lays .  

GC and S C  s o i l s  are  shown on p l a t e  6. 

Typical examples of 

Discussion of Fine-erained Soils 

i-IL and MH cuoups 

- 13. I n  these  groups the  symbol I4 has been used t o  designate 
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predomb%ntly s i l t y  materials and micaceous o r  diatomaceous soils. The 

s p o o l s  L and H represent lov and high liquid limits, respectively, and 

er? a r b i t r s y  d i v i d i x  line betwe- the two is se t  a t  a liquid lhit of 

50. The so i l s  i n  the ML and MH soups  are sandy s i l t s ,  clayey s i l t s ,  

or  inorgmic s i l ts  w i t h  relatively lar plast ic i ty .  Also Included are 

loess-type so i l s  and rock flours. Micaceous and diatomaceous soi ls  

generally fall within the ME group but may extend i n t o  the ML group 

when their  l iquid l i m i t  is less than 50. 

types of kaolin clays and same i l l i t e  chys  having relatively low plas- 

The same is true for certain 

t i c i t y .  

on plate 7. 

Typicel -1es of soils Fn the ML and MH groups are shown 

CL and CH mms 

14. - In these g~oups the symbol C stands for clay, vith L and H 

denoting low or high lima U t .  The soils a r e  primarily inorganic 

clays. 

clays, sandy clays, or s i l t y  clays. The medium and high p las t ic i ty  

Law plas t ic i ty  clays are classified as CL and are usually lean 

clays a r e  classified as CH, These include the f a t  cLB~s, gumbo clays, 

certain volcanic clays, and bentonite. The glacial  clays of -the northern 

United States cover a vide band in the CL and CH groups. Typical exam- 

ples of so i l s  in these groups are shown on plate 8. 

OL ana OH Rroms 

15.  The soils in the OL and OH groups are characterized by the 

presence of orgsnic matter, hence the symbol 0. 

are classified i n  these groups. 

Organic silts and clays 

The materials have a plas t ic i ty  range 

that comesponds d t h  the ML and MH groups. 

OH 60ib are presented on plate 9. 

Typical examples of OL and 

. .  
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Discussion of Highly OrRanic Soi l s  

Pt ATOUD 

16. The highly organic soils usually are very compressible and 

have undesirable construction character is t ics .  They are not subdivided 

and are c lass i f ied  in to  one group with the symbol Pt. Peat ,  humus, and 

svamp s o i l s  w i t h  a highly organic texture are typ ica l  soils of the 

group. Par t ic les  of leaves, grass, branches, or other fibrous vegetable 

matter are c-on components of these so i l s .  

Identification of So i l  Groups 

17. The uni f ied  s o i l  c lass i f ica t ion  is so arranged t h a t  most so i l s  

may be c l a s s i f i ed  in to  a t  least the three prinary group (coarse grained, 

f ine  grained, and highly organic) by means of visual examination and 

* .  

simple f i e l d  tests. Classification in to  the subdivisions can also be 

made by visual  examination with some degree cf success. More posit ive 

ident i f icat ion may be made by means of laborc.tory tests on the materials. 
3 

However, i n  many instances a tentat ive class-f icr l t ion determined i n  the 

f i e l d  is of great  benefi t  and may be a l l  the ider. t if ication tha t  is 

necessary, depending on the purposes f o r  which th.2 s o i l s  ;n question are  

t o  be used. Methods of general ident i f ica t ion  of s o i l s  are discussed 

i n  the following paragraphs, and a laboratory t e s t ing  procedure is  pre- 

sented. 

never en t i r e ly  separated. 

by visual examination, and i n  borderline cases it nay be necessary t o  

- ver i fy  t h e  c lass i f ica t ion  by laboratory tes;s. .  Conversely, the f ie ld  

It is emphasized t h a t  the two methods of ident i f icat ion are 

Certain charac te r i s t ics  can only be .estimated 

4 



methods are  entii'ely prac t ica l  f o r  preliminary laboratory ident i f iczt ion 

and may be used t o  advantage in grouping so i l s  i n  such a manner t h a t  

only a mininm nmber of laboratory t e s t s  need be run. 

General Identification 

18. The easiestway of learning f i e l d  ident i f icat ion of so i l s  i s  

under the guidance of experienced personnel. Without such assistance,  

f i e l d  idzntification may be learned by systematically comparing the 

numerical test  resu l t s  for typical soils in each group w i t h  the "feel" 

of the material while f i e l d  identification procedures are  being perforned. 

Coarse-srained s o i l s  

19. Texture and composition. In  f i e l d  ident i f ica t ion  of coarse- 

grained materials a drylsample is spread on-a flat surface and examined 

to determine gradation, grain s ize  and shape, and m i n e r a l  camposition. 

Considerable experience is required t o  differentiate,  on the basis of 

a visual  examination, between well-graded and poorly-graded so i l s .  

The durabi l i ty  of the grains of a coarse-grained s o i l  may req*e a 

careful examinztion, depending on the  use t o  which the s o i l  is t o  be 

put. 

t i f i ed .  

the relative ease w i t h  which the grains can be crushed. 

sisting of veathered grani t ic  rocks, quartzite,  etc., are  not necessar- 

i l y  objectionable far construction purposes. 

grained s o i l s  containing fraaments of shaley rock may be unsuitable be- 

cause alternate wetting and drying may result in their partial or  com- 

ple te  disintegration. 

Pebbles and sand grabs consisting of sound rock are eas i ly  iden- 

Weathered material is recognized from i t s  discolorations and 

Gravels con- 

On the other hand, coarse- 

This property can be Ident i f ied by a slaking t e s t .  
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The pa r t i c l e s  are first thoroughly oven- or sun-dried, then submerged 

i n  water fo r  a t  l e a s t  24 hours, and f i n a l l y  t h e i r  strength is  tes ted 

and compared w i t h  the or iginal  strength. 

p l e t e ly  dis integrate  when subjected t o  such a slaking t e s t .  

Some types of shales w i l l  ccn- 

20. Examination of f ine fract ion.  Reference t o  the ident i f icat ion 

sheet ( table  1) shows tha t  c lass i f ica t ion  c r i t e r i s  of the various coarse- 

grained s o i l  groups are based on the amount of mater ia l  passing the No. 

200 sieve and the p l a s t i c i t y  charac te l i s t ics  of the binder f rac t ion  

(passing the No.  4 0  sieve).  

percentage of material  passing the No. X O  sieve; the choice of method 

w i l l  depend on the s k i l l  of the technician, the equipment a t  hand, and 

the time available. One method, decantation, consis ts  of ;nixing the 

s o i l  with water in a suitable container and pourin;: off  thl? turbid mix- 

t u re  of water and fine soil; successiuz, decantaticzts w i u ,  remove prac- 

Various nethods may be used t o  estimate the 

. b  : I .  I 

t i c a l l y  aU. of the f ines  and leave only the sand and grave l  s izes  i n  the 

container. 

w i l l  give some idea of the mount of f i nes  present. 

od is t o  put a mixture of s o i l  and water i n  a t e s t  tube, siake it thor- 

oughly, and allow the mixture t o  s z t t l e .  

. A visual  comparison of the residue w i t h  the or ig ina l  material  

Another useful m e t h -  

F 

The coar:e ,?articles w i l l  fa l l  

t o  the bottom and successively fir .er  pa r t i c l e s  w i l ,  be deposited with 

increasing time; the sand s izes  xill f a l l  out of ruspensicn in 20 t o  30 

seconds. If the assumption is  made that the  s o i l  w e i g h t  is proportional 

t o  i t s  volume, this method may be used t o  estimate the  amount of f ines  

present. A rough estimate of tb:: amount of fines may be mede by spread- 

ing the sample out on a level s r f a c e  and making a visual  estimate of 

- t h e  percentage of f ine pa r t i c l e s  present. The pr:sence cir f i n e  sand can 



. / _  : 

. . . .  

I 
i c bl 

usually be detected by rubbing a samgle between the fingers;  s i l t  o r  c lay 

par t ic les  f e e l  smooth and stain the fingers,  whereas the sana f e e l s  gritty 

end dces not leave a s ta in .  

p q o s e ,  and consists of b i t i n g  a portion of t h e  s;irple between the 

teeth.  

s t ick  t o  t h e  tee th  while Eilt does not. 

than about I 2  per cent of the material  passing the No. 200 sieve, the 

sample should be separated as wel l  as possible by h a d ,  o r  by decanta- 

The "teeth t e s t "  i s  s o n e t h e s  used fcr t h i s  

Send fee ls  g r i t t y  whereas s i l t  and clay do not; clay tends t o  

I f  there appears t o  be more 

tion and evaporation, removing all of the gravel and coarse sand, and 

the c h a a c t e r i s t i c s  of the f ine  fract ion determined. 

nixed with water and i t s  dry strength and p l a s t i c i t y  character is t ics  are 

examined. 

s i f ica t ion  sheet, table 1; e-?aluation of s o i l s  according I t o  dry strength 

and p l a s t i c i t y  c r i t e r i a  is discussed h succeeding paragraphs in cormec- 

t ion  with fine-grained soi ls .  Ident i f icat ion of act ive cementing agents 

other t h u  clay usually i s  not possible by visual  and man& examination, 

since such agents may roquire a curing period-of days o r  even weeks. 

the absence of such experience the soils should be c lass i f ied  ten ta t ive ly  

into t h e i r  apparent groups, neglecting any possible development of 

The binder  i s  

Cr i te r ia  for  dry strength are  sham in column 5 of the clas-  

In 

strength because of cementation. 

Fine -mained so i l s  

21. The principal  prqcedures f o r  f i e l d  ident i f ica t ion  of f ine-  

grained s o i l s  are  the test  f o r  dilatancy (reaction t o  shaking), the 

examination of p l a s t i c i t y  character is t ics ,  and t h e  de2ermination of dry 

'strength. In addition, observations of color and odor a re  of value, 

par t icu lar ly  for  organic s o i l s .  Descriptions of the f i e l d  ident i f icat ion 

V 
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procedures are presented i n  the following paragraphs. 

p l a s t i c i ty ,  and dry strength t e s t s  are performed on the fraction of the 

s o i l  f iner  than the Ro. 40 sieve. Separation of par t ic les  coarser than 

The dilatancy, 

the No. 40 sieve i s  done most expediently i n  the f i e l d  by hand. 

separation by hand probably will be most effective for  par t ic les  coarser 

than the No. 10 sieve. S a c  ef for t  should be made t o  remove the N o .  10 

t o  No.  40 fraction but it i s  believed t h a t  any par t ic les  i n  t h i s  s ize  

range remaining a f t e r  hand separation would have l i t t l e  e f fec t  on the 

However, 

f i e l d  identification procedures. 

22. Dilatancy. The s o i l  i s  prepared f o r  t e s t  by removing par t ic les  - -- 
3 .  

.b 

larger  than about the No. 40 sieve size (by hand) and adding enough water, 

i f  necessary, to make the soil sof t  but not sticky. The pat of moist soil 

should have a volume of - about 1/2 cubic inch. The pat of s o i l  is a l t e r -  

nately shaken horizontally I n  the open palm of one hand, which i s  struck 
- 

vigorously against the other hand several times, and then squeezed between 

- tge fingers. 

p l a s t i c i ty  will become livery and show free water .on the surface while 

A fine-grained s o i l  t h a t  i s  nonplastic or exhibits very l o w  - 

being shaken. Squeezing Wil l  cause the.water t o  Cisappear from the sur- 

face and the sample t o  s t i f f en  and f ina l ly  crumble under increasing 

finger pressure, l ike  a b r i t t l e  material. If the vater content is  jus t  

r igh t ,  shaking the broken pieces w i l l  cause them t 3  liquefy again and 

flow together. A dist inct ion may be made between rapid, slow, or no re-  

action t o  the shaklng test, depending on the speed with which the pa t  

changes i ts  consistency and the w a t e r  on the  surface appears or U s -  

appears.' Rapid reaction t o  the shaking tes t  is typical  for nonplastic, 

unifonn f ine  sand, s i l t y  sand (SP, SM), and inorganic silts (k) - 



pz-t icular ly  of the rock-flour type, also f o r  diatomaceous ear th  (MH).  

The reaction becanes somewhat more sluggish with decreasing uriiforsity 

of gradation (.?ne fzcrezse i n  2 l a s t i c i t y  up t o  a cer tz ia  d e g e e )  . 
s l i g h t  content of col loickd clay w i l l  impart t o  the s o i l  soce p l a s t i c i t y  

and slow up materially the reaction t o  the shaking t e s t .  Soils which 

r e a c t  in t h i s  manner are  somewhat  E las t ic  inorganic and organic s i l t s  

(ML, OL), very l e a  clays (CL), and some kaolin-type clays (ML, MEI). 

t renely slow or  no reaction t o  the shaking t e s t  is charac te r i s t ic  of a l l  

Eve2 E 

Ex- 

t c i c a l  clays (CL, CH) as wel l  as of highly p l a s t i c  organic clays (OH) .  

23. P l z s t i c i t v  c h u a c t e r i s t i c s .  Examination of the  p l a s t i c i t y  

charzcter is t ics  of fine-grained s o i l s  or of the f ine  f rac t ion  of coarse- 

grained s o i l s  is made with a s m a l l  moist sample of the material .  P a r t i -  

c l e s  larger  than about the No. 40 sieve s i ze  a re  removed (by hand) and a . 

specimen of s o i l  about the s ize  of a 1/2-in. cabe is molded t o  the con- 

sistency of putty. 

I 
I 
I 

If the s o i l  is too dry, water m u s t  be added and if 

it is  sticky, the specinell should be spread out in a t h i n  layer  and 

allowed to lose-some moisture by evaporation. 

hznd on a smooth surface o r  between the palms.into a thread about l/8 in. 

The sample is ro l led  by 

i n  diarreter. The thread is  then folded and rerol led repeatedly.. Dur ing  

t h i s  manipulation the moisture content is gradually reduced and the speci- 

men s t i f fens ,  f i n a l l y  loses  i t s  p l a s t i c i t y ,  and crumbles when the p l a s t i c  

lhit is reached. After the thread crumbles, the pieces should be lumped 

together and a s l igh t  kneading action continued u n t i l  the lump crumbles. 

The higher the position of a s o i l  above the "A" l i n e  on the p l a s t i c i t y  

chart ,  p la te  2 (CL, CH), the  st iffer a r e  the 'threads as'their water con- 

t e n t  approaches the p l a s t i c  l i m i t  and the tougher are the Imps as the  e 
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soil is remolded a f t e r  rol l ing.  

CH) form a medium tough thread (easy t o  roll) as the p las t ic  limit i s  

approeched b u t  when the threads u e  formed in to  a lunp and kneaded below 

the p l a s t i c  l i m i t ,  the s o i l  crumbles readi ly .  

(ML, MH, OL, OH) form a w e a k  thread and, with the exception of the OH 

s o i l s ,  cannot be lumped together i n to  a coherent mass below the p l a s t i c  

l i m i t .  

below the "A" l i n e )  form threads t h a t  are  very s o f t  and spongy near the 

p l a s t i c  l i m i t .  

amined in the same manner as fine-grained soils.  I n  general, the binder 

f rac t ion  of coarse-grained s o i l s  with s i l t y  f ines  (CM, SM) w i l l  exhibi t  

Soi ls  s l i g h t l y  above the "A" l i ne  (CL, 

Soils below the "A" l i ne  

P las t ic  so i l s  containing organic mater ia l  or much mica ( w e l l  

The binder f ract ion of coarse-grained s o i l s  may be ex- 

p l a s t i c i t y  character is t ics  similar t o  'the ML so i l s ,  and t h a t  of coarse- 

grained soi ls  w i t h  clayey f ines  (CC, SC) w i l l  be s!mi la r  t o  the CL soils. . _  
24. D r y  strength. The resistance of a piece of d r i e d  s o i l  t o  

c k s h i n g  by finger 'pressure I s  an indication of the character of the 

solloidal f ract ion of a soil. 

than the No, 40 sieve s i z e  are removed from the  s o i l  (by hand) and a 

To initiate the test, par t ic les  la rger  

specimen is molded t o  the con::istency of putty,  adcLing water if  neces- 

sary. 

and is then crumbled between the fingers.  

The moist pa t  of s o i l  2s allowed t o  dry (in oven, sun, or air)  

Soi l s  with s l i g h t  dry strength 

crumble 

MH so i l s  have almost no dry strength. 

of low p l a s t i c i t y  (OL), as w e l l  as  very fine sandy so i l s  (SM), have 

readi ly  'with very l i t t l e  finger pressure. A l l  nonplastic ML and 

Organic silts and lean organic clays 

s l i g h t  dry strength. 

f inger  pressure t o  powder the sample. 

S o i l s  of medium dry s t rength raquire considerable 

Most clays of the CL group and 

- some OH s o i l s  exhibi t  medium dry strength. This I s  PJSO t rue of the  fine 

. 
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f r a c t i o n  of grave l ly  and sandy s o i l s  having a c l ay  bizlder (GC and SC). 

S o i l s  with high &-y s t r eng th  can be broken b u t  cannot be powdered by 

f i z g e r  sress-e. 

w e l l  es some organic c lays  of the  OH group having very high l i q u i d  l in i t s  

and loca ted  near the A-line. 

undisturbed s t a t e  may be furnished by  a cementing material such as c a l -  

Eig'n d r y  s t r e n g t h  is i cd i cz t ive  of nost CZ c leys ,  es 

I n  some ins tances  high dry s t r eng th  i n  the  

c i E  carbonate or i r o n  oxide. 

25. Color. In f i e l d  s o i l  surveys co lor  is of ten  h e l p f u l  i n  d i s -  

t b g u i s h i n g  between various s o i l  strata, and t o  an engineer with suffi- 

cieclt Drel ininary e q e r i e n c e  with the  l o c a l  soils, color  may a l s o  be 

use fu l  f o r  ident i fy ing  ind iv idua l  s o i l s .  
s 

The color  of t he  moist  soil 

should be used in  i d e n t i f i c a t i o n  as s o i l  co lo r  may change markedly on 

drying. .. To the experienced eye certain dark or &ab shades of gray or 

browz, including almost b lack  co lo r s ,  a r e  ind ica t ive  of f ine-grained 

s o i l s  containing organic c o l l o i d a l  matter (OL, O H ) .  

c c l c r s ,  including medium and l i g h t  gray, o l ive  green, brown, r ed ,  yel lov,  

In con t ra s t ,  b r i g h t e r  

an6 white, are genera l ly  assoc ia ted  wi th  inorganic s o i l s .  

f4w.seU s o i l  color cha r t s  and p l a t e s ,  prepared f o r ' t h e  U. S. Department 

of Agriculture by the  Musell  Color Company, Baltimore, Maryland, i s  

suggested i n  the event  more p rec i se  s o i l  co lor  descr ip t ions  are des i red  

Use of t h e  

or t o  f a c i l i t a t e  uniform naming of s o i l  co lors .  

26. - Odor. Organic s o i l s  of the OL and OH groups usua l ly  have a 

d i s t i n c t i v e  odor which, wi th  experience,  can be used as an aid i n  the 

i d e s t i f i c a t i o n  of such materials. This odor i s  e s p e c i a l l y  apparent from 

f r e s h  samples. 

revived by hea t ing  a vet sample. 

It gradual ly  diminishes on exposure to air ,  but can be 
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Highly organic soils 

27. The f i e l d  identification of highly organic so i l s  (group P t )  i s  

re la t ively easy inasmuch as these soils are characterize& by undecayed o r  

pa r t i a l ly  carbonized par t ic les  of leaves, s t icks ,  grass,' and other vege- 

table matter which impart t o  the s o i l  a typical fibrous texture. The 

color ranges generally f r o m  various shades of du l l  brown t o  black. A 

1 . 
d i s t inc t  organic odor is also characterist ic of the so i l .  

t en t  is  usually very high, 

may be the location of the s o i l  with respect to topography: 

"he water con- 

Another a id  i n  ident i f icat ion of these so i l s  

law-lying, 

swampy areas usually contaln highly organic so i l s ,  

Laboratory Identif  lcation 

28. The identification of soils in the laboratory is accomplished - .  * '  . 
by determining the gradation and p l a s t i c i ty  character is t ics  of the mate- 

rials. 

curve is  usually plotted as per cent f i ne r  (or passing) by weight against 

a-logarithmic scale of grain size in millimeters. 

The gradation is determined by sieve analysis and a grain-size 
-. 

.;c 

Plate 1 is  a typical 

grain-size chart, P las t ic i ty  characterist ics a re  evaluated by means of 

the l iquid and p las t ic  l imits  t e s t s  on the s o i l  f ract ion f iner  than the 

No. 40 sieve. A suggested laboratory method of Identification i s  pre- 

sented schematically in  the chart shown as table  2 and is discussed i n  

the succeeding paragraphs. It should be recognized tha t  although a def- 

k t e  procedure for  identification is outlined on the chart, the labora- 

t o ry  technician engaged in classif icat ion may be able t o  use "short cuts" 

i n  h i s  work a f t e r  he becomes thoroughly familiar with the c r i t e r i a  fo r  

each s o i l  group. - 



Ident i f tcat ion of major s o i l  RTOUDS 

29. Reference t o  the ident i f ica t ion  procedure chzrt, table  2, shows 

t h z t  the first step i n  the laboratory ident i f ica t ion  of a s o i l  i s  t o  

determine whether it i s  coarse grained, f i n e  grained, o r  highly orgznic. 

This may be done by v i s u a l  examination in most cases, using the procedures 

outlined for f i e l d  identification. In some borderline cases, as with 

very fine sands or coarse si l ts ,  it may be necessary t o  screen a repre- 

sentative dry sample over a No, 200 sieve end determine the percentage 

passing. F i f t y  per cent or  less passing the No. 200 sieve ident i f ies  

the s o i l  as coarse grained, and more than 50 per cent idezltifies the s o i l  

as f ine grained. The percentage l i m i t  of 50 has been selected a r b i t r a r i l y  
6 

f o r  convenience i n  ident i f icat ion as it is  obvious t h a t  a numerical d i f -  

ference of 1 .or 2 in t h i s  .percentage vill make no signif icant  change i n  . 

the behavior of the soil. A f t e r  the  major group in which the s o i l  Selongs 

i s  established, the ident i f icat ion procedure i s  continued in accordance 

with the proger headings i n  the chart .  

Ident i f icat ion of subgroups, 
coarse-mained s o i l s  

30. Gravels (GI o r  sands (S). A complete sieve analysis i s  run on 

coarse-grained s o i l s  and the gradation curve is plotted on a grain-size 

chart .  For sane s o i l s  containing a subs tan t ia l  amount of f ines ,  

be desirable t o  supplement.the sieve analysis with a hydrometer analysis 

i n  order t o  define the wadation cuNe below the No. 200 sieve s ize .  

liminary identification is made by determining the percentage of material  

it may 

Pre- 

in the gravel (above No, 4 sieve) and sand (No. 4 t o  No. 200 sieve) s izes .  

If there is a greater percenta&e of gravel than sand the material is , 
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classed as gravel ( G ) ;  i f  there  i s  a greater percentage of sand than 

gravel the material is classed as sand (S). 

between these groups is purely arbi t rary for  convenience i n  following 

the system. "he next identification step is t o  determine the mount of 

material passing the No. 200 sieve. 

for  gravels and sands, they w i l l  be discussed jo in t ly  i n  the following 

Once again the distinction 

Since the subgroups are the same 

paragraphs. 

31. GW, SW, GP, and SP R~OUDS. These groups comprise nonplastic 

soils having l e s s  than 5 per cent passing the No. 200 sieve and i n  which 

the f ine  fract ion does not interfere  w i t h  the soils' free-draining prop- 

e p i e s .  

shape of the grain-size curve. 

s i f ied  as GW or  SW; poorly-paded materials _. are  c lass i f ied  as GP or SP. 

The grain-size distributions of well-graded materials generally plot  as 

smooth and regular concave e w e s  Kith no sizes  lacking or no excess of 

material i n  any size range (plate 3); the uniformity coefficient (60 per 7 
cent grain diameter divided by the 10 per cent grain diameter) of well- 

L 

If the above c r i t e r i a  are met, an examination i s  made of the 

Materials that are well graded are clas- 

- 

graded gravels is  greater than 4, and of well-graded sands is  greater 

than 6. I n  addition, the gradation curves should meet the following 

qualification i n  order t o  be classed as weU graded. 

between 1 and 3 
D€o D10 

where D30 = grain diameter a t  30 per cent passing 

D& = grain diameter a t  60 per cent passing 

D10  = grain diameter at  10 per cent passing 

- The foregoing expression, termed a coeff ic ient  of c w a t u r e ,  insures 

cod 

I 

a 
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t h a t  the grading curve w i l l  have a concave curvature within r e l a t i v e l y  

narrow l h i t s  f o r  a given D& and D10 combination. A l l  gradations not 

meeting tbe foregoing c r i t e r i a  are classed as poorly graded. 

poorly-graded s o i l s  (GP, SP) are  those having nearly s t ra ight  l i n e  Qra- 

dations ( p b t e '  4, f ig .  1, curve 3) ,  convex gradations, nearly v e r t i c a l  

(uniform) gradations (plate  4, f ig .  1, curve l), and gradation curves 

with "humps" typical  of skip-graded materials (p la te  4,. f i g .  1, curve 2 ) .  

Ths ,  

32. GM. SM, GC and SC RTOUDS. The s o i l s  i n  these groups are com- 

posed of those materials having more than a 12, per cent f'raction passing '  

the No. 2G0 sieve; they may or may not exhibit  p las t ic i ty .  For ident i -  

f icat ion,  the l iquid and p l a s t i c  limits t e s t s  are required on the f rac-  

t ion  finer than the No. 4 0  sieve. 

t i v e  samples of moist material, and not on air- or  oven-dried soils. 

This precaution is  desirable as drying'affects the limits values t o  same 

extent as w i l l  be explained further in the discussion of fine-grained 

so i l s .  Materials i n  which the l i q u i d  li=it and p l a s t i c i t y  index p l o t  

below the "A" l i n e  on the p l a s t i c i t y  chart  (plate  2) are classed as 

GM o r  SM (p la te  5). Gravels and sands in which the l iqu id  l i m i t  and 

p l a s t i c i t y  index plot  above the "A" l i n e  on the p l a s t i c i t y  char t  are 

classed as GC or SC (plate  6). 

cation of materials i n  these groups the p l a s t i c i t y  character is t ics  

overshadow the gradatfon character is t ics ;  therefore, no d is t inc t ion  is 

made between w e l l -  and poorly-graded materials. 

The tests should be run on representa- 

r 

It is considered t h a t  in the i d e n t i f i -  

* In the preceding paragraph soils of the GW, GP, SW, and SP groups were 
defined as having less than a 5 per cent *action passing the No. 200 
sieve. Soi ls  having between 5 and 12 per cent passing the No. 200 
sieve are classed as "borderline" and are  discussed in parhgraph 33. 

. .  
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33. Borderline soils. Coarse-grained so i l s  containing between 

5 and 12$ material passing the No. 200 sieve are classed as borderline 

and carry a dual symbol, e.g., CW-GM. Similarly, coarse-(gained so i l s  

having l e s s  than 5% passing the No. 200 sieve, but which are not f ree  

drainin&, or wherein the f ine fraction exhibits p las t ic i ty ,  are also classed 

as boi-tierline mid are  given n dual symbol. Additional discussion of border- 

l ine  classi f icat ion i s  presented in paragraphs 38-41. 

Identification of sub- 
groups, fine-grained so i l s  

34. Use of p lzs t lc l ty  chart. _. Once . . the  ident i ty  of a fine-grained 

soil has been established, further identification i s  accomplished p r i n -  

c ipal ly  by the l iquid and p las t ic  limits tests in conjunction with the 

p l a s t i c i ty  chart (plate  2). The plastgcity chart was developed by Dr. 

Casagrande as the result of considerable q e r i e n c e  with the  behavior of 

soils i n  many different  regions. It i s  a p lo t  of l iquid l imi t  versus plas- 

w c l t y  index on which is imposed a diagonal Zine called the "A" l ine  and a 

vertical l ine at a l iquid l i m i t  of 50. 

equation PI = 0.73 (&20). 

The "A" Ilne id defined by the 

The "A" Une ab< ve a l iquid l i m i t  of about 

29 represents an important empirical boundary between typica l  inorganic 

clays (CL and a), which are generally locat zd above the l ine,  and p las t ic  

soils containing organic colloids (OL and OE) or inorganic s i l t y  soils (ML 

and ME). The vert ica l  l i n e  at l iquid Umit of 50 separates silts and 

clays of low liquid limit (I.) from those of high l iquid l imi t  (H). 

the  low part of the  chart below a Uquid l l o d t  of about 29 and In the 

In 

raaQe of PI from 4 t o  7 there is considerable averlapping of the proper- 

t ies of the clayey and s i l t y  soil types. Hence, the separation between 



moups are  shown i n  the i r  respective positions on the p las t ic i ty  c h u t .  

Experience has shown t ha t  compressibility I s  approximately proportionel t o  

l iquid l i m i t  and that soils having the same l iquid l i m i t  possess epproxi- 

mately equal compressibility, assuming that other factors  are essentially 

the same. 

same l iquid limit, one finds tha t  with increasing p l a s t i c i ty  irdex, the 

cohesive characterist ics increase and the  permeability decreases. R o n  

plots of the resul ts  of limits t e s t s  on a n u d e r  of samples from the 

same fine-grained d e p s i t ,  It is found that fo r  most so i l s  these points 

U e  on a straight l ine  or in a narrow band approximately para l le l  t o  

On comparing the physical character is t ics  of so i l s  having the 
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CL and OL or ML s o i l  types i n  this region i s  accomplished by a cross-hatched 

zone on the p las t ic i ty  chart between 4 and 7 PI and above the "A" l ine.  

CL soils i n  this region are those having a PI above 7 while OL o r  ML soils 

are those having e FI  below 4. Soils plot t ing within the cross-hatchec 

zone should be classed as borderline as discussed la te r .  The vwious soil 

the "A" l ine.  Vith t h i s  background information i n  mind, the identifica- 

t i o n  of the various groups of fine-grained s o i l s  i s  discussed i n  the 

following pragraphs . 
35. ML, CL, and OL groups. A s o i l  having a l iquid l imit  of less  

than 50 falls into the low liquid l i m i t  (L)  group. A plot of the l i q u i d  

limit and p las t ic i ty  index on the p l a s t i c i ty  chart will show whether it 

falls above or below the "A" Une and cross-hatched zone. Soi ls  plott ing 

above the "A" l i n e  and cross-hatched zone are  classed as CL and are usually 

typ ica l  inorganic clays (plate 8, f ig .  1). Soils  plott ing below the "A" 

line or  cross-hatched zone are inorganic silts or  very f ine  sandy silts, 

ML (plate 7, f tg.  l), or organic silts o r  organic s i l t -c lays  of low 
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plas t ic i ty ,  OL (plate 9, f i g .  1). Since two groups f a l l  beloi t h e  "A" l i n e  

or cross-hatched zone, fur ther  ident i f ica t ion  i s  necessary. The d i s t i n -  

guishing factor between the ML and 'OL groups i s  the absence or presence 

of organic matter. 

explained i n  the preceding paragraphs under f i e l d  ident i f icat ion.  Hov- 

ever, i n  doubtful cases a comparison may be made between the l iquid and 

This i s  usually ident i f ied  by calor and odor es 

p las t i c  limits of a moist sample and one that has been oven-dried. 

organic s o i l  will show a r ad ica l  drop i n  p l a s t i c i ty  a f t e r  oven-drying 

or air-drying. An inorganic s o i l  vi11 generally show a change i n  the  

limits values of only 1 or  2% which may be e i ther  an increase or a decrease. 

For the foregoing reasons the  c l a s s i f i ca t ion  should be based on the plot 

of limits values determined before drying. Soi l s  containing organic matter 

generally have loyer specif ic  gravities and may have decidedly higher water 

contents than Inorganic soi ls;  therefore,  these properties may be of assist- 

ance i n  identifying organic so i l s .  

Qrganic content may be made by chemical methods, but the procedures j u s t  

described are usually suf f ic ien t .  

An 

I n  special  cases, the determinztion of 

36. MK, CH, and OH moups. Soi l s  with a l iqu id  l icdt greater than 

To ident i fy  such soils, the  l iqu id  l i m i t  50 are classed i n  group H. 

and p l a s t i c i t y  index values are p lo t ted  on the  p l a s t i c i t y  chart. 

points f a l l  above the "A" l ine ,  t h e  s o i l  classifies as CH; If it falls  

below the "A" l ine,  a determination is made as t o  whether or not organic 

material is present, as described In t h e  preceding paragraph. Inorganic 

materials are classed as MfI and organic materials are  classed as OH. 

Ident i f icat ion of highly organic soils 

If the  

- 
37. Uttle more can be said as t o  the laboratory ident i f ica t ion  of 

- -  ! 

e 
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highly organic so i l s  .(E) than has been stated previously under f i e l d  

identification. 

of color, texture, and odor. 

natural  water content of several hundred per cent, which i s  far i n  ex- 

cess of that found for  most so i l s .  

these soils maybe quite l o w .  

These so i l s  are usually ident i f ied readi ly  on the  basis 

Moisture determinations usualPJ show a 

Specific grav i t ies  of the soli.ds i n  

Some peaty s o i l s  can be remolded and 

tested for  l iquid and p las t i c  limits. Such materials usually have a 

l iquid l i m i t  of several hundred per cent and f a l l  well below the  "A" , 

l i ne  on the  p l a s t i c i ty  chart. 

Borderline classi f  icztions 

38. It is inevitable i n  the use of the  classi f icat ion system thzt  

s o i l s  will be encountered that fa l l  close t o  the boundaries established 

between the  various groups. - In'addition, 'boundary zones fo r  the  amount 

of material passing t he  no. 200 sieve and f o r  t he  lower par t  of the 

p l a s t i c i ty  chart have been incoxprated as a part of the  system, as 

discussed subsequently. 

s o i l s  is t o  use a double symbol; for example, Gtf-CM. 

i n  r a re  instances, for a soil t o  fa l l  in to  more than one borderline zone 

and, i f  appropriate symbols were used for  each possible c lassi f icat ion,  

t he  result would be a multiple designation consisting of three or more 

symbols. 

best  t o  use only a double symbol i n  these cases, selecting the  two that 

a re  believed most representative of the  probable behavior of the  so i l .  

The accepted ru l e  i n  classifying borderline 

It i s  possible, 

Tbis approach is  unnecessarily complicated and it I s  considered 

Ln cases of doubt the  symbols representing the  poorer of the possible 

groupings should be used. 

39. Coarse-grained soi ls .  It w i l l  be recalled that i n  previous 
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discussions (pmagraph 31) t h e  coarse-grained soils were classif ied i n  

the Gtl, GP, Stl, and SP groups i f  they contained less than 55 of material 

passing the No. 200 sieve. Similarly, s o i l s  were classi f ied i n  t h e  Gbf, 

GC, SM, and SC groups i f  they had more than 12% passing the No. 200 sieve . 

(paragraph 32). 

designated as borderline, and so i l s  f a l l i ng  v i th in  it are assigned a double 

symbol dependting on both the gradation character is t ics  .of the coarse 

fraction and the p las t ic i ty  characterist ics of the minus No. 40 sieve 

fraction. 

200 sieve and with U = 28 and PI = 9 would be designated as SW-SC. 

The range between 5 and 125 passing the No. 200 seive i s  

For example, a well-graded sandy soil with 8% passing the No. 

Another type of borderline classi f icat ion occurs for those so i l s  containing 

appreciable amounts of fines, groups GM, GC, SM, and SC, and whose 

Atterberg limits values p lo t  in the  lower portion of , the  p las t ic i ty  chart. 

The method of classifying these soils is the  same as for fine-grained 

soils plot t ing in the  same region, as pesented  in the  following paragraph. 

40. fine-grained soi ls .  Mention has been made of a zone on the 4L 
p las t i c i ty  chart (plate 2; below a l iquid .limit of about 29 and ranging 

between p l a s t i c i ty  index values of 4 and 7. Several s o i l  types exhibiting 

low p la s t i c i ty  plot i n  this general.region on the p l a s t i c i ty  c h a r t  and no 

def in i te  boundary between s i l t y  and clayey so i l s  exists. 

grained soil, tgoups CL and MI,, or the  minus No. 40 sieve fraction of a 

Thus, i f  a fine- 

coarse-grained soil, groups GM, GC, SM, and SC, plots within the cross- 

hatched zone on the  p l a s t i c i ty  chart, a double symbol (ML-CL, e tc . )  is used. 

41. "Silty" and "clayey." It Kill be n>ted on the  classi f icat ion 

sheet, t8ble 1, that the adJectives "s i l ty"  and "clayey" may be used as 
- part of the descriptive name for silt or clay soils. Since #e 
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definit ions of these terms are now somewha t  d i f fe ren t  from those used by 

many s o i l s  engineers, it i s  considered advisable t o  discuss the i r  cornota- 

t i o n  as use? is t k i s  system. I n  the unified s o i l  c lass i f ica t ion  the t e r n  

"silt" end "clzy" are used t o  describe those s o i l s  with Atterberg limlts 

plot t ing respectively below and above t h e  "A" l i n e  and cross-hatched zone 

on the p las t ic i ty  chart. 

"s i l ty1 '  and "clayey" may be used as adjectives In the soil names when the 

limits values plot  close t o  the  "A" l lne .  

I;t = 40 and FI = 16 may be called a s i l t y  clay. 

"s i l ty"  i s  not applied t o  clay so i l s  having a l iqu id  l i m i t  In excess of 

about 60. 

As a logical  extension of this concept, the terms 

For example, a clay s o i l  with 

In general, the  adjective 

I Expansion of Classif icat ion 

42. It may be necessary, i n  some cases, t o  expand the  unified clas- 

s i f ica t ion  system by subdivision of existing groups i n  order t o  c lass i fy  

s o i l s  for a particular use. 

discouraged and careful study should be given any so i l  grow before such 

a s tep  is adopted. I n  a l l  cases subdivisions should be designated pref- 

erably by a suffix t o  an existing group symbol. 

selected carefully so that there will be no confusion with existing let-  

t e r s  that already have meanings in the c la s s i f i ca t ion  s y s t e m .  I n  each 

case where an ex is t ing  woup is subdivided, the basis and criteria for 

t he  subdivision should be explained In  order that anyone unfamiliar with 

it may understand the subdivision properly. 

The indiscriminate use of subdivisions i s  

The suffix should be 
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DeSCriDtiVe Soil Classif icat ion 

43. A t  many stages i n  the s o i l s  investigation of e project -- 
from the preliminary boring l o g  t o  the f i n a l  report  -- the engineer 

finds it convenient- t o  give the s o i l s  he i s  working with a ''name" rather  

than  an nimpersonaln c lass i f ica t ion  symbol such as GC. This r e su l t s  

primarily from the f ac t  that he is  accustomed t o  ta lking i n  terms of 

gravels, sands, s i l ts ,  and clays, and f inds it only log ica l  t o  use these 

same names in presenting the data. The s o i l  names have been associated 

w i t h  cer ta in  grain sizes in the tex tura l  c lass i f ica t ion  as shown on the 
5 
-1' 

grain-size chart, p la te  1. 

the coarse-grained soils; however, the use of such terms as s i l t  and 

clay may be en t i r e ly  misleading on a texturtd:,basis.\ For this reason 

the terms "silt" and "clay" have been definei. on a p l a s t i c i ty  basis as 

Such a division is  generally feasible f o r  

+ i.. -. - 

discussed previously. Within 8 given region of the  country, use of a 

.. n'be c lass i f ica t ion  based on texture I s  often feasible  since the general 

behavior of similar soils i s  conslstent,over the area. However, i n  

another area the same c lass i f ica t ion  may be er-t irely inadequate. The 

descriptive classi f icat ion,  if used intel l igen; ly ,  has a rightful place 

i n  soil mechanics, but i t s  use should be careful ly  evaluated by a l l  

concerned. 

Description from class i f ica t ion  sheet 

44. Column 4 of the c lass i f ica t ion  sheet, tcble  1, l is ts  typical  

names given the soil types usually found within the various c lass i f ica t ion  

groups. 

cedure and determining the proper c lass i f ica t ion  group i n  which the s o i l  

By following e i the r  the f i e l d - o r  laboratory investigation pro- 

- 
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belongs, it is usua l ly  en easy matter t o  s e l e c t  an appropriate  n a e  f r c n  

the  c l a s s i f i c a t i o n  sheet .  

e r l y  nmed by c s l y  visusl Inspection. 

appropriate  on t h e  use of the c l a s s i f i c a t i o n  system f o r  c e r t a i n  scils 

such as m a r l s ,  ca l iches ,  coral, shale ,  e t c . ,  where the  g ra in  s i z e  can 

vary  widely depending on the  amount of mechanical breakdown of s o i l  par -  

t i c l e s .  

s ign i f icence  and the  l o c a l l y  used nme  may be important. 

Other descriDtive terns 

Some s o i l s  mzy be r e a d i l y  i d e n t i f i e d  z c t  Drop- 

A word of  caut ion  i s  cons lce rc5  

For these  s o i l s  the group symbol and textural name have l i t t l e  

45. Records of f i e l d  explorat ions i n  the f o r n  of boring logs czn 

be of great benef i t  to the  engineer if they  include adequate i n f c n a t i c o .  

In add i t ion  t o  the group symbol and the name of t h e  soil, t he  general  

c h a r a c t e r i s t i c s  of the  soils as t o  p l a s t i c i t y ,  s t r eng th ,  moisture, e t c . ,  

provide informztion e s s e n t i a l  t o  a proper analysis of a p a r t i c u l a r  prob- 

l e m .  

da t a  t o  l o c a l b i d d e r s ,  and  t o  p r o t e c t  the  Covernnent aGzinst  laxer  legal 

claims. 

composition, shape of grains,  and charac te r  of t h e  b inder  a r e  re levant  

f ea tu re s .  

c h a r a c t e r i s t i c s  are important. 

c h a r a c t e r i s t i c s  as s t r a t i f i c a t i o n ,  s t ruc tu re ,  consis tency i n  the  undis- 

turbed and remolded states, cementation, drainage, etc. ,  are pe r t inen t  

Locally accepted s o i l  names should also be used t o  c l a r i f y  the 

For coarse-grained s o i l s ,  t h e  s i z e  of p a r t i c l e s ,  mineralogical 

For fine-grained s o i l s ,  s t r eng th ,  moisture,  and p l a s t i c i t y  

When descr ib ing  undisturbed s o i l s  such 

t o  the desc r ip t ive  c l a s s i f i c a t i o n .  

s c r ib ing  soils are shown i n  column 6 of t a b l e  l. 

Per t inen t  i tems to  be used i n  de- 

In  order  t o  achieve 

uniformity i n  es t imat ing consis tency of s o i l s ,  it is recommended t h a t  

the Terzaghi c l a s s i f i c a t i o n  based on.unconfined compressive s t rength be 



used as a ten ta t ive  standard. This c l a s s i f i c a t i o n  i s  given below: 

Unconfined Compressive Strength 
Tons/Sq F t  

< 0.25 

Consistency 

Very soft 

Sof t  0.25 -0 50 

0 . 50-1 .oo 

1 .oo -2 . 00 

2.00-4.00 

> 4.00 

Medium 

S t i f f  

Very s t i f f  

Hard 

Several examples of descr ipt ive c l a s s i f i c a t i o n s  are sham below: 

a. Uniform, f ine ,  clean sand with rounded grains (SP). 

b. - Well-graded gravelly s i l t y  sand; angular chert  gravel, 
1/2-ln. maximum size; s i l t y  binder with lov p l a s t i c i t y ,  
well-compacted and moist (SM) . - 

- C. Light brown, fine, sandy silt;' very l o w  p l a s t i c i t y ;  satu- 
ra ted  and s o f t  in the undisturbed state (ML) . 
Dark gray, fat  clay; stiff in the undisturbed state; s o f t  
and s t i c k y  when remolded (CH) . - d. 

- .  <. . 

''I $7 
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. H I G E Y  ORGANIC S O I S  

Fibrous t ex tu re ,  co lor ,  odor, 
very high moisture content,  
p a r t i c l e s  of vegetable m a t -  
ter  ( S t l C k 6 ,  leaves,  e t c . )  

(E) 

* 

r 1 

GiwVEL ( C )  
Greater perceatage of  coarse f r a c t i o n  

. r e t a ined  on No. sieve 
4 

k a e  than 5$ pass Between 54 and 12$ 
Ro. 200 e i e v e  pass No. 200 s ieve  

J 

More than 12$ pass 
No. 200 s i eve  

Examine gra in  
a ize  curve 

i 

Vel1 
graded 

J 

double synbol appro- 
p r i a t e  t o  gradlng and 
p l a s t i c i t y  charac te r -  

i s t i c s .  e .u .  CW-GM 

Poorly 
graded 

R& LC anti .PL on 
minus No. k0 s i eve  

f r a c t i o n  

Gv GP 

Note: Sieve sizes a r e  U..S. Standard. 
Reproduced horn 
best available CODY. 

* 

021260 -B 
If f i n e s  i n t e r f e r e  with free dra in ing  p rope r t i e s  use double symbol such as GU-GM, e t c .  

L 
L- 

I 
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AUX 1 XARY U.BOFU"3MRY I DENT IFIC AT IO14 B O C  EXJ3E 

I 

Kake v i c a a l  e x z i n a t i o n  of SO:!. to d e t e r - i n e  vhezzer  i t  
is l i iGZLV OT.rJ;JiiC, COAilSE CUI152, 02 FINE C.%I:TS. I.? 

200 s i e v e .  b o r d e r l i n e  c a s e s  de . temine  amount passing r40. 

I 

I 

I 

1 

~ e s s  than 5% pass  
No. 200 sie\-e* 

Between 5% and 124 
pass No. 200 s i e v e  

I 

I 

RSS G X I N G ;  

pass No. 2oC s i e v e '  

i e v e  a n a l y s i s  

I 

L 

More than 1 6  pass 
No. 200 sieve 

. .  
r: 

L 

Scrder lzne ,  to heve 
double  s p b o l  appro-  
p r i a t e  ts g r a d i n g  and 

=cter- p l a s t i c i t y  char-  
i s t l c s ,  e.g. SU-SM 

. Examine g ra in  
s i r e  curve 

Run LL and PL on 
minus No. kC szeve 

f r a c t i o n  

i 

graded E m o r  ly 
graded ha tched  zone on 

B e l o w  "A" 1 
hatched  zoc 

Color, odcr, 
X and PL on 

sc i l  

I 

3%- 8 
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L h i t s  p l o t  i n  
hatched zone on 

i "A" l i n e  or 
i t ched  zone on 
: a s t i c i t y  c h a r t  p l a s t i c i t y  c h a r t  

i 

le 

Above "Am l i n e  and Below mA" l i n e  Above "A" line 
hatched zone on on p l a s t i c i t y  on p h s t l c l t y  

c h a r t  c h a r t  c h a r t  
- I  

..: 

I 

FINE GRAINED 
More than  50% pass No. 200 sieve 

I 
Run Lt and PL on minus No. h 0  s i eve  

mater i a l  
I 

I L 1 
I 1 Liquid 1hi: l e s s  than 

50 I 

I 

I Fi I 
I I Liquid l i m i t  g r ea t e r  than 

50 

I 

I 
1 

.or, oacr, poss ib ly  
and PL on oven dry 

s o i l  

r 

Color, odor, poss ib ly  

s o i l  

Inorganic  Q a Organic 

r 



UNIFIED SOIL C L A S S I F I C A T I O N  SYSTEM 

APPGNDM A 

CBARACTERISTICS OF SOIL GROUPS P E R T A I N I N G  TO 

EMBANKMENTS AND FOUNDATIONS 

Introduct ion 

I. The major proper t ies  of a s o i l  proposed f o r  use i n  an embank- 

ment or foundation t h a t  a r e  of concern t o  the  design o r  construction 

engineer a re  i t s  s t rength,  permeabili ty,  and consolidation a d  compaction 

charac te r i s t ics .  Other fea tures  may be inves t iga ted  f o r  a spec i f ic  prob- 

lem, but  i n  general  some or all of the proper t ies  mentioned cbove a r e  of 

primary 'importance in an earth embankment or foundation pro jec t  of any 

magnitude. 

i n  question by means of laboratory o r  f i e l d  t e s t s  and t o  use the  r e s u l t s  

of such tests as a basis f o r  design and construction. 

influence s t rength,  consolidation, and o ther  cha rac t e r i s t i c s  a re  numerous 

and some of' them a r e  not completely understood; consequently, it is i m -  

p r a c t i c a l  t o  evaluate these fea tures  by means of a general  soils c l a s -  

s i f i c a t i o n .  However, t he  s o i l  groups i n  a given c l a s s i f i ca t ion  do have 

reasonably similar behavior cha rac t e r i s t i c s ,  and while such information 

It is  common p rac t i ce  t o  evaluate  the  proper t ies  of the  s o i l s  

The fac tors  t h z t  

is not suf f ic ien t  for design purposes, it w i l l  give the  engineer an  ind i -  

ca t ion  of the  behavior of a s o i l  when used as a component in construction. 

This is espec ia l ly  t rue  i n  the  preliminary examination f o r  a . p r o j e c t  when 

ne i ther  time nor money for a de ta i l ed  soils t e s t i n g  program is ava i lab le .  

2. . It should be borne i n  mind by engineers using the c l a s s i f i c a t i o n  

74-/ 
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t h a t  only generalized charac te r i s t ics  of the soil groups are  included 

therein,  and they should be used primarily as a guide and not e3 the com- 

p l e t e  answer t o  a problem. 

construct  an ear th  embankment of almost any type of s o i l  and upon prac- 

t i c a l l y  any foundation; t h i s  i s  i n  accordance with the  worth-while prin- 

c i p l e  of u t i l i z i n g  the materials avai lable  f o r  construction. However, 

when a choice of materials i s  possible,  c e r t a i n  of the available s o i l s  

may be better su i ted  t o  the job than others .  It is on t h i s  basis t h a t  

the behavior character is t ics  of s o i l s  are presented in the  following para- 

For e x z q l e ,  it is  possible t o  des ign  and 

graphs and on the c lass i f ica t ion  sheet.  

t o  be put is often the pr incipal  deciding f a c t o r  i n  the select ion of s o i l  

types as wel l  as the type of protect ive measures t h a t  w i l l  be u t i l i zed .  

Since each s t ructure  is  a spec ia l  problem v i t h l n  i tsel f ,  it is impossible 

The use to which a s t ructure  is 
u 

t o  cover all possible considerations in t h e  brief description of p e r t i -  

nent soil character is t ics  containe'd i n  th i s  appendix. 

Features Shown on S o i l s  C l a s s i f i c a t i o n  Sheet 

3 .  General charac te r i s t ics  of the  s o i l  groups pert inent  t o  em-  

bankments and foundations are presented in table A l .  Columns 1 through 

5 of t h e  tab le  show major s o i l  divisions,  group symbols, and hatching 

and color symbols; names of s o i l  types are given i n  column 6. The basic 

fea tures  are the same as those presented In the soils c l a s s i f i c a t i o n  . 

nanual. Columns 7 through 12 show the  following: column 7, s u i t a b i l i t y  

of the materials for use i n  embankments ( s t rength  and permeability char- 

a c t e r i s t i c s ) ;  column 8, the  minimum or range of permeability values t o  

- be expected f o r  the soil groups; columns 9 and 10, general  compaction 



character is t ics ;  coluroo 11, the s u i t a b i l i t y  of the s o i l s  f o r  foundations 

(strength and consolidation); and column 12, the requirements f o r  seep- 

age control, especially whez the s o i l s  are encountered i n  the foundation 

f o r  ear th  embankments (permeability). 

tures are presented i n  the  fOlloKing paragraphs. 

Sui tab i l i ty  of s o i l s  f o r  embankments 

Brief discussions 

4. Three major fac tors  that influence the sui ta-  

of these fea-  

l i t y  of so Is 

f o r  use in embanlsments are pernezbili ty,  strength, and ease of compac- 

t ion.  The gravelly and sandy s o i l s  with l i t t l e  o r  no f ines ,  groups GIJ, 

GP, SW, and Sp, are  s table ,  pervious, anh ettain good cowaction witS 

crawler-type t rac tors  and rubber-tired r o l l e r s .  The poorly-graded mate- 

r ia ls  may not be qui te  as desirable as those which a re  wel l  caded ,  but 

a l l  of the materials are sui table  f o r  use in the pemious sections of 

ear th  embankments. Poorly-graded sands ( S P )  may be more d i f f i c u l t  t o  

u t i l i z e  and, i n  general, should have f l s t t e r  embanbent slapes than the.  

S i l  s o i l s .  The gravels and sands with f ines ,  groups GX, GC, SM, and SC,  

have variable charac te r i s t ics  depending on the nature of the f i n e  f rac-  

t i o n  and the Gadat ion of the  e n t i r e  sample. 

suf f ic ien t ly  impenrious and s table  t o  be used f o r  impenrious sections of 

embankments. The s o i l s  i n  these groups should be ,carefu l ly  examinec t o  

insure t h a t  they a re  properly zoned with re la t ion  t o  other materials i n  

an embankment. Of the  fine-grained so i l s ,  the CL group is best  adapted 

These materials are often 

I 

f o r  embanbent construction; the s o i l s  a r e  impervious, fairly stable, 

and give f a i r  t o  good compaction with a sheepsfoot r o l l e r  or  rubber- 

tired roller. 

t ion,  may be u t i l i z e d  i n  the  core o f h y d r a u l i c - f i l l  structures.  

The MH soils, while not desirable f o r  r o l l e d - f i l l  construc- 

Soi l s  of 
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the  MI, group uay or  may not have good compaction charac te r i s t ics ,  and i n  

general must be closely controlled i n  t he  f i e l d  t o  secure the  dzsired 

strength.  CH s o i l s  have f a i r  s t a b i l i t y  when used on f l a t  slopes b u t  

have detrimental shrinkage charac te r i s t ics  which may necessi ta te  blan-  

keting them or incorporating them i n  t h i n  i n t e r i o r  cores of embankments. 

So i l s  containing organic: matter, groups OL, OH, and P t ,  are not commonly 

used f o r  embankment construction because of the detrimentcl  e f f ec t s  of 

the  organic matter present. Such materials may of ten  be u t i l i z e d  t o  ad- 

vantage i n  blankets and s t a b i l i t y  berms where s t rength is  not of impor- 

tsnce.  

Permeability and seepage control 
H .  

5 .  Since the  permeability (column 8 )  and requirements f o r  seepage 

control  (column 12) me essen t i a l ly  functions of the  same property of a 

s o i l ,  they w i l l  be discussed jo in t ly .  The subject  of seepage i n  r e l a -  

tLon t o  embadments and foundations may be roughly divided in to  three 

. cztegories: (1) seepage through embankments; (2 )  seepage through founda- 

t ions ;  and (3 )  control  of uplift pressures. These are dlscussed i n  re- 

l a t i o n  t o  the  s o i l  groups i n  the  following paragraphs. 

. 6 .  Seepage through embankments. . In  the  control  of seepage through 

embankments, it i s  the  r e l a t ive  permeability of adjacent materials rathcr 

than the ac tua l  permeability of such s o i l s  that governs t h e i r  use i n  a 

giben location. 

quant i ty  of seepage through it i s  la rge ly  governed by the  use t o  which 

the  s t ruc ture  is put; for exanple, i n  a flood-control p ro j ec t  consider- 

An earth embankment i s  not water t ight  and the  allowable 

ab le  seepsge may be allowed and the  s t ruc ture  vi11 s t i l l  f u l f i l l  the  s tor-  

- age requirements, whereas f o r  an i r r i ga t ion  p ro jec t  much less seepage is 

SI 
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ellowable because 9001 levels  must be -miintained. 

s o i l s  (GM, GC, 34, SC, CL, MH, and CH) may be used i n  core sections or  ic 

homogeneous enbanhe2ts t o  retard the f l o w  of water. 

t a n t  t h a t  seepage not emerge on the downstream slope or the poss ib i l i ty  

of drawdown exis ts  on upstream slopes, more pervious materizls are  usual- 

l y  placed on the outer slopes. 

(GW, GP, SW, SP) are best  sui ted for t h i s  purpose. 

The more impervious 

Where it is i ~ o r -  

The coarse-grained, free-draining s o i l s  

Where a var ie ty  of 

mzterials i s  available they are usually graded from l e a s t  pervious t o  

more pervious from the  center of the embankment outward. Care should be 

used i n  the arrangerent of materials i n  the embadaent t o  prevent piDing 

within the section. 

other arrangements of materials in embankments. 

s t ructed successfully en t i re ly  of sand ( S W ,  SP, 34) or of s i l t  (ML) with 

the section made large enough t o  reduce seepage t o  an allowable value 

without the use of an jmpervious core. Coarse-grained s o i l s  are often 

used i n  drains and toe sections t o  co l lec t  seepage water i n  downstream 

sections of embankments. The so i l s  used w i l l  depend largely upon the  

material  t h a t  they drain; in general, free-draining sands (SW,  SP) or 

gravels (GW, GP) are  preferred, but a s i l t y  sand (SM) may effect ively 

drain a cley (CL, CH) and be en t i re ly  sat isfactory.  

The foregoing statelrents do not preclude the use of 

Dams have been con- 

7.  Seepage through foundations. As in t h e  czse of embankments, 

t h e  use of the s t ructure  involved often determines the amount of seepage 

control necessary in foundations. 

of water through a pervious foundation would not const i tute  an excessive 

water loss and no seepage control measures would be necessary i f  adequate 

provisions were made against  piping in cr i t ical  areas. 

Cases could be c i t e d  where the flow 

If seepage control 
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i s  desired,  then the more pervious s o i l s  a r e  the  s o i l s  in which necessary 

measures must be taken. Free-draining gravels  (GW, GP) a r e  capable of 

carrying considerable quant i t ies  of water, and some means of p0sitiX.e 

control  such as a cutoff trench may be necessary. 

may be controlled by a cutoff or  by an upstream impervious blanket. 

llhile a drainage trench a t  the downstream t o e  or a l i n e  of r e l i e f  wells 

w i l l  not reduce the amount of seepage, e i t h e r  w i l l  serve t o  control seep- 

age and route the f low i n t o  co l lec tor  systems where it can be l e d  away 

harmlessly. 

s i l t y  sands (SM), or si l ts  (MI,) ,  may require  a minor amount of seepage 

control  such as t h a t  afforded by a toe trench, or  i f  they a re  suf f ic ien t -  

l y  impervious no control may be necessaxy. 

s o i l s  (GC, SC, CL, OL, MH, CH, Rnd OH) usual ly  pass such a small volume 

of water t h a t  seepage control measures are not necessary. 

Clean sands (SW, S F )  

Sl ight ly  less pervious material ,  such as s i l t y  gravels (GM),  

The r e l a t i v e l y  impervious 

8. Control of u p l i f t  pressures.  The problem of control of u p l i f t  

. pAssures  i s  d i r e c t l y  associated with pervious foundation soils. Uplift  

pressures may be reduced by lengthening t h e  path of seepage (by a cutoff 

or upstream blanket) or by measures f o r  pressure r e l i e f  i n  the form of 

wells,  drainage trenches, drainage blankets,  or pervious downstream 

s h e l l s .  

aforementioned procedures; however, t o  obtain t h e  desired pressure r e l i e f ,  

the  use of a posi t ive cutoff may be preferred,  as blanket, w e l l ,  o r  trench 

i n s t a l l a t i o n s  would probably have t o  be too extensive f o r  economical ac- 

complishment of the  desired r e s u l t s .  

Free-draining gravels (GW, GP) may be t r e a t e d  by any of the 

Free-draining sands ( S W ,  SP) a re  

generally less permeable than the  gravels  and, consequently, the  volume 

of water t h a t  must be control led for p r e s s u r e . r e l i e f  is usually less .  - 
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Therefore a posit ive cutoff may not be required snd an upstream blanket, 

wells, or a toe trench m y  be e n t i r e l y  effect ive.  

bination of blanket and trench or wells Eay be desira'cle. 

s i l t y  gravels (GM), s i l t y  sands (SM), and si l ts  (ML) -- usuzlly do not 

require extensive treatment; a toe drainage trench or well system may be 

suff ic ient  t o  reduce -lift pressures. 

I n  some ca.ses a corn- 

S i l t y  s o i l s  - -  

The more impervious s i l t y  mate- 

r i a l s  may not be permeablc enough t o  permit dangerous u p l i f t  pressures 

t o  develop and i n  such cases no treatment i s  indicated. I n  general, the 

more inpervious s o i l s  (GC,  SC, CL, OL, MH, CH, and OH) require no t r e a t -  

ment for control of u p l i f t  pressures. 

tance when they occur as a r e l a t i v e l y  t h i n  top stratum over more pervious 

materials.  

However, they do assume m o r -  

... 
c 

8 .  In such cases u p l i f t  pressures i n  the lower layers acting on 

the  base of the impervious top stratum can cause heaving and formation of 

bo i l s ;  treatment of the lower layer  by some of the methods mentioned 

above i s  usually indiczted i n  these cases. 

trcl of u p l i f t  pressures should not be applied indiscriminately j u s t  be- 

cause cer ta in  types of s o i l s  a r e  encountered. 

measures should be based upon a careful  evaluation of conditions t h a t  do 

It i s  emphasized t h a t  con- 

Rather, the  use of control 

or can exist, and an economical solution reached t h a t  w i l l  accomplish 

the desired resu l t s .  

- Compaction character is t ics  

9. In column 9 of t h e  tab le  are shown the  general compaction char- 

a c t e r i s t i c s  of the various ' s o i l  groups. "lie evaluations given and. t h e  

equipment l i s t e d  a re  based on average f i e l d  conditions where proper 

moisture control and thickness of l i f t  are  a t ta ined  and a reasonable nun- 

ber of passes of the compaction equipment i s  required t o  secure the 
. .  
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desired density.  For l i f t  construction of embankments, t h e  sheepsfoot 

r o l l e r  and rubber-t ired r o l l e r  a re  commonly used pieces of equipment. 

Some hdvantages may be chimed for the sheepsfoot r o l l e r  i n  t h a t  it 

leaves a rough surface t h a t  affords b e t t e r  bond between l i f ts ,  and it 

h e a d s  the s o i l  thus affording b e t t e r  moisture d i s t r i b u t i o n .  Rubber- 

t i r e d  equipment referred t o  i n  the tab le  i s  considered t o  be heavily 

loaded conipactors or earth-moving equipment with a m i n i m u  wheel load of 

15,000 lb.  

the thickness of compacted lift i s  usually reduced t o  about 2 in .  

ular s o i l s  with l i t t l e  o r  no f i n e s  generally show good compaction char- 

a c t e r i s t i c s ,  with the well-graded materials,  GW and SW, usually f u r n i s h -  

ing b e t t e r  r e s u l t s  than the  poorly-graded s o i l s ,  GP and SP. 

s o i l s  i n  most cases a r e  b e s t  compacted by crawler-type t r a c t o r s ;  on the 

gravelly materials rubber-t ired equipment and sometimes steel-wheel r o l l e r s  

ake a l s o  e f f e c t i v e . .  Coarse-grained s o i l s  with f i n e s  of low p l a s t i c i t y ,  

groups GM and SM, show good compaction c h a r a c t e r i s t i c s  w i t h  e i t h e r  sheeps- 

foot  r o l l e r s  o r  rubber-t ired equipment; hcwever, t h e  range of moisture 

If ordinary wobble-wheel r o l l e r s  are used for compaction, 

Gran- 

7. 

The sandy 

4 

contents for effect ive compaction may be very narrow, and close moisture 

control  i s  desirable.  This i s  a l s o  .generally t r u e  of the  s i l t y  s o i l s  i n  

the ML group. 

iquipment or with sheepsfoot r o l l e r s .  

f ines ,  groups GC and SC, show f a i r  compaction c h a r a c t e r i s t i c s ,  although 

t h i s  q u a l i t y  may vary somewhat with the  character and amount of f ines;  

rubber- t i red or sheepsfoot r o l l e r s  m y  be used. 

. 

Soi l s  of the MI., group may be compacted with rubber-t ired 

Gravels and sands with p l a s t i c  

Sheepsfoot r o l l e r s  are 

generally used for c o e a c t i n g  fine-grained s o i l s .  

L c t e r i s t i c s  of such materials a r e  var iable  -- lean clays and sandy clays 

The compaction char- 

- 
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(CL) being the  bes t ,  f a t  c lays  and l ean  organic  c k y s  o r  s i l t s  (3L and E) 

f a i r  t o  poor, and organic or micaceous s o i l s  (MH and OH) usua l ly  poor. 

For most construct ion p ro jec t s  of any mzgnitudc it i: highly desirzble  

t o  inves t iga te  the  compaction c h z r a c t e r i s t i c s  of the  s o i l  by means of a 

f i e l d  t es t  sec t ion .  

dry  weight of the  s o i l  groups f o r  t h e  s tandard  AASHO (Proctor)  c o q a c t i v e  

e f f o r t .  It i s  eniphasized tha t  t h e s e  va lues  t r e  f o r  guidance only and de- 

s i g n  o r  construct ion con t ro l  should be based on labora tory  t e s t  r c s u l t s .  

S u i t a b i l i t y  of s o i l s  f o r  foucdations 

In column 10 of table  A 1  are shown rznges of unit 

10. S u i t a b i l i t y  of s o i l s  f o r  foundztionz of emb-ents o r  s t ruc -  

tures i s  pr imari ly  dependent on t h e  s t r e n g t h  and consol idat ion character-  

i s t i c s  of t h e  subsoi l s .  Here again the type  of s t r u c t u r e  and i t s  use 

will l a r g e l y  govern t h e  a d a p t a b i l i t y  of a s o i l  cs a s a t i s f a c t o r y  founda- 

t i o n .  For embadments, l a rge  sett lenxnts may be allowed and compensated 

f o r  by overbuilding; whereas the  allowzble s e t t l e m n t  of s t ruc tu res  such 

as con t ro l  towers, etc., may be s m a l l  i n  order  t o  prevent overs t ress ing  

t h e  concrete or s tee l  of which they  a r e  bu i l t ,  or because of t he  neces- 

s i t y  f o r  adhering t o  e s t ab l i shed  grades. Therefore a s o i l  m y  be e n t i r e -  

l y  s a t i s f a c t o r y  f o r  one type of cons t ruc t ion  bu t  may requi re  s p e c i a l  

treatment f o r  o ther  tSpes.  S t rength  and sett lenent c h z r z c t e r i s t i c s  of 

soils are dependent upon a number of  va r i ab lc s ,  such as s t ruc tu re ,  i n -  

p l ace  densi ty ,  moisture content,  cyc les  of loading i n  t h e i r  geologic fiis- 

t o ry ,  e t c . ,  which are not r e a d i l y  eva lua ted  by a c l a s s i f i c a t i o n  system 

such as used here.  For  these  reascns only very  general  s ta tements  can be 

made as t o  the s n i t z b i l i t y  of t h e  var ious  s o i l  types as foundations; t h i s  

is  e spec iz l ly  t r u e  for f ine-gra ined  s o i l s .  
. .  

In general ,  the  gave l s  and 
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gravelly s o i l s  (GW, GP, GM, GC)  have good bearing capacity and undergo 

l i t t l e  consolidation under load. 

good bearing value. Poorly-grade& sands and silty sands (SP, S1.1) ney 

exhib i t  veriable bearing capacity depending on t h e i r  density; t h i s  i s  

t r u e  t o  some extent for a l l  the coarse-grained s o i l s  b u t  i s  especial ly  

c r i t i c a l  for  uniformly graded soils of the SP and 3 1  groups. Such s o i l s  

when saturated may become "quick" and present an addi t ional  construction 

problem.; Soi l s  of the ML group nay be subject  t o  l iquefact ion and may 

have poor bezring capacity, p a r t i c u l a r l y  where heavy s t ruc ture  loads are 

involved. 

from a foundatiou standpoint, 5u t  i n  some cases the s o i l s  may be soft 

and wet and exhibi t  poor bearing capacity and f a i r l y  large sett lements 

under load. Soi l s  of the  MH groups and normally-consolidated CH s o i l s  

nay show poor bearing capacity and large sett lements.  

Well-graded sands (SW) usually have a 

Of the fine-grained so i l s ,  the  CL group i s  probably the bes t  

Organic s o i l s ,  OL 

and OH, heve 
c. 

- '  under load. 

of s t ruc ture  

ing capacity 

poor bearing capacity snd usually exhib i t  large sett lement 

For most of the fine-grained s o i l s  discussed above, the  type 

foundation selected I s  governed by such fac tors  as the  bear- 

of the soil and the  magnitude of t h e  load. It is possible  

t h a t  s inple  spread footings might be adequate t o  carry the load without 

excessive settlement i n  many cases. If the  s o i l s  are poor and s t ruc ture  

loads a r e  r e l a t i v e l y  heavy, then a l t e r n a t e  nethods a r e  indicated.  

foundations may be necessary i n  some cases and in spec ia l  instances, par- 

P i l e  

I 

I 

t iculai-ly in the  case of some CB and OH s o i l s ,  It may be desirable  and 

economically feas ib le  t o  remove such soils from t h e  foundation. Highly I 

I 
I 

I organic s o i l s ,  Pt, generally are very poor foundation materials.  These 
- may be capable of carrying very l i g h t  loads but  i n  general are unsuited 

s3 . 
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f o r  most cons t ruc t ioc  purposes. 

fou=lr?ztion, they  may be removed if l - X t e d  i n  ex ten t ,  they nay be &is- 

placed by duzping f i r r e r  s o i l s  on top,  o r  p i l i n g  ~=ay be d- ivec t'n_-ocgk 

them t o  a s t ronger  lzyer ;  prcDer treatrrent vi11 depend uyon t h e  s t r - c tu re  

If highly organic soils OCCLZ i n  t he  

involved. 

Graphical Presenta t ion  of S o i l s  D s t z  

11. It is  custonzry t o  present  t h e  r e s u l t s  of s o i l s  explora t ions  

on d -wings  CI plans as sche rz t i c  representa t ions  of the  borings o r  t e s t  

p i t s  wi th  the  s o i l s  encountered shown by various symbols. Cozon ly  usee 

hatching symbols are s0;zll i r r e g u l a r  round symbols f o r  gravel ,  do t s  f o r  

sand, v e r t i c a l  l i n e s  f o r  s i l ts ,  and diagonal l i n e s  f o r  c lays .  Combina- 

t i o n s  of these symbols represent  var ious combinations of ma te r i a l s  found 

i n  t h e  explorat ions.  

E i o F s  i n  t h e  m i f i e d  s o i l  c l z s s i f i c z t i o n  system end t h e  a?prcoriate  syn- 

bo l s  are shown i n  column 4 of t a b l e  A l .  As an a l t e r n a t i v e  t o  the  hatch- 

ing  symbols, t hey  may be omitted and the  appropriate  group l e t t e r  syrhol 

(CL, e t c . )  wr i t t en  i n  t h e  boring log. 

of borings,  the  e f f ec t ive  s ize ,  D10 (g ra in  s i z e  i n  10m correspcoding t o  

10 per cent  f i n e r  by weight),  of coarse-grained so i l s  and t h e  n a t u r a l  

water content  of fine-grained s o i l s  should be shown by t h e  side of t h e  

log. Other desc r ip t ive  abbreviat ions may be used as deemed appropriate .  

I n  c e r t a i n  s p e c i a l  instances  t h e  use of color  t o  de l inea te  s o i l  types on 

naps and drawings i s  desirable. 

maJor s o i l  groups i s  descr ibed i n  column 5 of t a b l e  A l .  

This system has been ada?ted t o  t h e  var ious s o i l  

In addi t ion  t o  t h e  symbols on logs 

A suggested co lor  scheme t o  show t h e  
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APPJXDIX GT.lB 

UNIFIED SOIL CUSSIFICATION SYSTEM 

C H A I U ~ ~  OF SOIL GROUPS 
PERTAINING TO ROADS AND AIRFIEIl)S 



UNIFlED SOIL CLASSIFICATION SYSTZI-1 

B1 

CHARACTERISTICS OF SOIL CROUPS FERTAIIIING TC 
ROADS AND A I X E L D S  

In t r oduc ti on 

1. The properties desired in s o i l s  for  foundations under rcads 

and a i r f i e l d s  and for  base courses under f lex ib le  pavezents are:  

quate strength, good compaction character is t ics ,  adequate drainage, r e -  

sistance t o  f'rost action in areas where frost is  a factor,  and acceptable 
ccnpression end expansion characteris t i cs .  

if inadequate in the s o i l s  available, may be supplied by ?roper construc- 
t ion  methods. 

are  desirable, but if such materials are  not available locally,  adequate 

drainage may be obtained by ins ta l l ing  a properly designed water col lect-  

ing system. 

rrediately under the pavement of a f lexible  pavement structure,  are high and 
only gcod qual i ty  materials a re  acceptable. Hcwever, 10%- strengths i n  

subgrade materials may be compensated for  in many cases by increasing 

the thickness of overlying concrete pavement or  of base materials i n  

f lexible  pavement construction. Rcm the foregoing br ie f  discussion, it 
nay be seen tha t  the proper design of r a d s  and a i r f i e l d  pavements requires 

the evaluation of s o i l  properties i n  more de t a i l  than is possible by use 

of t i e  general soils classif icat ion system. 

s o i l s  i n  the classi f icat ion system is such t h a t  a general indication of 
t h e i r  behavior i n  r c a d  and a i r f i e l d  construction may be obtained. 

ade- 

Cerzaiz of these pro?erties, 

For instance, materials having good drainage character is t ics  

Strength requirements fo r  base course materials, t o  be used in-  

However, the grouping of 

I '  

Features Shown on Soi ls  Classif icat ion Sheet 

2. General character is t ics  of the s o i l  groups pertinent t o  r a d s  

and a i r f i e l d s  a r e  presented i n  table  B1. Columns 1 through 5 show major 
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s o i l  d iv i s ions ,  group symbols, hatching and co lo r  symbols; column 6 gives 

names of s o i l  types;  column 7 evaluates  the  performance ( s t rength)  of the  

s o i l  groups when used a s  subgrade m a t e r i t l s . t h a t  w i l l  not be subject  t o  

f r o s t  ac t ion ;  colunn 8 end  column 9 make a similar evaluat ion fo r  the 

s o i l s  when used a s  subbase and base mater ia ls ;  potential  f r o s t  ac t ion  is  

shown i n  column 10; compressibi l i ty  and expansion c h a r a c t e r i s t i c s  are 

shown in column 11; column 12 presents  drainage c h a r a c t e r i s t i c s ;  column 

13 shows typcs of ccnpaction equipment t h a t  perform s a t i s f a c t o r i l y  on 

the  various s o i l  groups; column 14 shows ranges of u n i t  dry weight f o r  

compacted s o i l s ;  column 15 gives ranges of t y p i c a l  Cal i forn ia  Bearing 

Rat io  (CBR) values;  and column 16 gives  ranges of modulus of subgrade 

r eac t ion  (k). 
lowing paragraphs. 

The various fea tures  presented are discussed i n  t h e  f o l -  

Subd ivis ion of 
coarse-grained s o i l  groups 

3. It w i l l  be noted i n  column 3, l e t te r  symbols, t h a t  the basic  

- 

s o i l  groups, GM and SM, have each been subdivided i n t o  tvo  groups desig- 

nated by  the suff ixes  d and u which have been chosen t o  represent  des i r -  

ab le  and less des i rab le  (undesirable) base ma te r i a l s ,  respec t ive ly .  This 

subdivis ion appl ies  t o  roads and a i r f i e l d s  only and i s  based on f i e l d  ob- 

se rva t ion  and laboratory tests on the  behavior of t he  s o i l s  i n  these 

groups. 

index of t h e  f rac t ion  of the  s o i l  passing the  No. 40 s ieve .  

d i s  used when the l i qu id  l i m i t  is 25 or l e s s  and the  p l a s t i c i t y  index 

is  5 or less; the  s u f f i x  u is used otherwise. 

in these  groups a r e  G14d and SMu, e t c .  

Basis for the  subdivision is the  l i q u i d  l i m i t  and p l a s t i c i t y  

The s u f f i x  

. Typical  symbols for  s o i l s  

Values of s o i l s  a s  subgrade, 
subbase, or base mater ia l s  

4. The descr ip t ions  in columns 7, 8, and 9 give a general  indica- 

t i o n  of the s u i t a b i l i t y  of t h e  soil groups f o r  use as subgrades, subbase, 

or base mater ia l s ,  provided they  a r c  not  sub jec t  t o  frost  ac t ion .  

a r eas  where frost heaving is a problem, the  value of mater ia l s  a s  sub- 

grades or subbases will be reduced, depending on t h e  p o t e n t i a l  f r o s t  

In  

- a c t i o n  of the material ,  as shown i n  column 10. Proper design procedures 
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should be used i n  s i tuat ions where this is  a problem. The coarse-grained 

s o i l s  in general are  the best subgrade, subbase, and base materials. The 

Gi l  p o u r ,  has excellent qua l i t i es  as  a subgrade and subbase, and is good. 

as base material. 

used for  any of the s o i l s  for base courses; it i s  considered t h a t  the 

adjective "excellent" should be used i n  reference t o  a high qual i ty  
processed crushed stone. Poorly-graded g a v e l s  and scme s i l t y  gravels, 

groups GP and Gdd, are  usually only s l i g h t l y  less desirable as subgrade 
or subbase materials, aad under favorable conditions may be used a s  base 

materials for  cer ta in  conditions; however, poor gradation and other fac tors  

smetimes reduce the v d u e  of such soils t o  such extent t h a t  they of fer  

only moderate strength and therefore t h e i r  value as a base material  i s  

less .  

but are generally poor t o  not sui table  as bases. The SP and SMe so i l s  

usually are considered f a i r  t o  good subgrade and subbase materials but 

in general a re  poor t o  not suitable f o r  base materials. 

s o i l s  are fa i r  t o  poor subgrade and subbase materials, and a r e  not suit-  

able f o r  base materials. The fine-grained s o i l s  range frcm fair t o  very 

poor subgrade materials as follows: 

f a i r  t o  poor; organic s i l t s ,  lean organic clays, and micaceous or  diato-  

maceous s o i l s  (OL and MH), poor; f a t  clays and f a t  organic clays (CEI and 

OH), poor t o  very poor. These qua l i t i es  are  compensated f o r  i n  f lex ib le  

pavement design by ilzcreasing the thickness of overlying base material ,  

and i n  r igid pavement design by increasing the pavement thickness or by 

the addition of a base course layer.  None of the fine-grained s o i l s  a r e  

suitable as  subbase o r  base materials. The fibrous organic s o i l s  (grmp 

Pt> a r e  very poor subgrade materials and should be removed wherever pos- 

sible; othemise, special  construction measures should be adopted. They 

are  not suitable as subbase and base materials. The California Bearing 

Ratio (CER) values shown in column 15 give a re la t ive  indication of the 

strength of the various s o i l  groups as used i n  f lexible  pavement design. 

Similarly, values of subgrade modulus (k) i n  column 16 are  re la t ive  in-  

It is noted t h a t  the adjective "excellent" is not 

!be GNU, GC, aad SW g r o u p  are  reasonably good subgrade materizls, 

The SMu and SC 
> 

s i l t s  and lean clays (ML and CL), 

dicetions of strengths from plate-bearing t e s t s  as used in r igid pavement 

design. As these tests a r e  used  for  the design of pavements, ac tua l  



B4 

t e s t  values should be used f o r  t h i s  purpose instead of the approximate 

valucs s h a m  i n  the tabulation. 

5 .  For wearing surfaces on unsurfaced roads sand-clay-gravel mix- 

t u re s  (GC) a r e  generally considered the most s a t i s f ac to ry .  However, t hey  

should not  contain t o o  la rge  a percentage of f i n e s  and the  p l a s t i c i t y  i n -  
dex should be in the  range of 5 t o  about 15. 
Poten t i a l  f r o s t  ac t ion  

6. The r e l a t i v e  e f f e c t s  of f r o s t  ac t ion  on t he  various s o i l  groups 

are shown in column 10. 

various s o i l  groups two conditions must be present simultaneously before 
f r o s t  ac t ion  w i l l  be a major consideration. These a r e  a source of water 

during the  f reez ing  period and a s u f f i c i e n t  period f o r  the f reez ing  tem- 
perature t o  penetrate the ground. 

i c e  lenses may become ava i lab le  from a high ground-water tab le ,  c a p i l l a r y  
supply, water held within the  s o i l  voids, or through i n f i l t r a t i o n .  

degree of i c e  formation t h a t  will occur i n  any given case is markedly i n -  

fluenced by environmental f ac to r s  such as topographic pos i t ion ,  s t r a t i f i -  

ca t ion  of t h e  parent soil, t r a n s i t i o n s  I n t o  cu t  sections,  la teral  flow 
of water from s ide  cuts,  localized pockets of perched ground water, and 

drainage conditions,  
worst offenders a s  f a r  as f r o s t  is concerned. Coarse-grained materials 

with l i t t l e  o r  no f ines  are af fec ted  only s l i g h t l y  if a t  a l l .  
and CH) a r e  subjec t  t o  frost ac t ion ,  bu t  the  loss of s t r eng th  of such 

mater ia l s  may not be as great as f o r  s i l t y  soils. 
t a i n i n g  less than three per cent  of grains f ine r  than 0.02 mm i n  diameter 

by weight are genera l ly  nonfrost-susceptible. 

s o i l s  are encountered i n  subgrades and f r o s t  is a d e f i n i t e  problem, two 

acceptable methods of design of pavements a r e  ava i lab le .  E i the r  a s u f -  

f i c i e n t  depth of acceptable granular mater ia l  is placed over t he  soils 
t o  prevent f reez ing  i n  the  subgrade and thereby prevent t h e  detrimental  

e f f e c t s  of f r o s t  action, or a reduced depth of granular ma te r i a l  I s  used, 

thereby allowing f reez ing  in t he  subgrade, and design I s  based on t h e  

reduced s t r eng th  of t h e  subgrade dufing the  frost-melting period. I n  
many cases appropriate drainage measures t o  preveqt t he  accumulation of 

Regardless of the f r o s t  s u s c e p t i b i l i t y  of the 

Water necessary f o r  t h e  formation of 

The 

In general, the  si l ts  and f i n e  s i l t y  sands a r e  the  

Clays (CL 

Inorganic soils con- 

Where f ros t - suscept ib le  



water i n  the s o i l  pores will help  t o  diminish i c e  segrega t ioc  i n  the sub- 

grade and subbase. 

CcmDressibility and expansion 

7 .  These c h a r a c t e r i s t i c s  of s o i l s  may be of two types insofar  as 

t h e i r  a p g l i c a b i l i t y  t o  road and runway design is concerned. 

i s  t h e  r e l a t i v e l y  long-tern compression o r  consol idat ion under the dead 

weight of the s t ruc tu re ,  and the  second i s  t h e  short-term ccnprossion 
and rebound under moving wheel loads.  The long-term consol idat ion of 

so i l s  becomes a f ac to r  i n  design pr imar i ly  when heavy f i l l s  a r e  made on 

compressible soils. 
set t lement  during construct ion it w i l l  have l i t t l e  inf luence on the  load- 

car ry ing  cagaci ty  of t he  cavement. 

t o  Compression and rebow-d under wheel load are encountered, adequate 

pro tec t ion  nus t  be provided, as even small movements of t h i s  t s e  s o i l  
may be detr imental  t o  the  base and wearing course of pavements. It is  

fo r tuna te  t h a t  t h e  free-draining, coarse-grained s o i l s  ( G t l ,  GP, SW, and 
SP), which i n  general  make t h e  best subgrade and subbase mater ia l s ,  ex- 
h i b i t  almost no tendency teward high compress ib i l i ty  or expansion. I n  

general ,  the  compressibi l i ty  of s o i l s  increases  Kith increas ing  l i qu id  

l i m i t .  The foregoing is not  ccmpletely t rue ,  as compress ib i l i ty  i s  also 
influenced by s o i l  s t r u c t u r e ,  g ra in  shape, previous loading h i s to ry ,  and 

o the r  f a c t o r s  t h a t  are not evaluated i n  the c l a s s i f i c a t i o n  system. Un- 
des i r ab le  compress ib i l i ty  o r  expansion c h a r a c t e r i s t i c s  may be reduced by 

d i s t r i b u t i o n  of load through a g rea t e r  thickness  of overlying material. 

This, i n  general, is  adequately handled by t h e  CBR method of design fo r  
f l e x i b l e  pavements ; however, r i g i d  pavements may requ i r e  the  addi t ion  of 
an acceptable base course under t h e  pavement. 

Drainage c h a r a c t e r i s t i c s  

"he f i r s t  

If adequate provis ion is  made f o r  t h i s  type of 

However, when e l z s t i c  s o i l s  suyject  

8. The drainage c h a r a c t e r i s t i c s  of s o i l s  are a d i r e c t  r e f l e c t i o n  

of t h e i r  permeabili ty.  The eva lua t ion  of drainage c h a r a c t e r i s t i c s  fo r  

use in roads and nunrays is shown i n  c o l m  E. The presence of moisture 

in base, subbase, and subgrade materials, except for free-draining,  coarse- 

grained s o i l s ,  may cause t h e  development of pore water pressures  and loss 

of s t rength .  The moisture may come from i n f i l t r a t i o n  of r a i n  water or by  



capi l la ry  r i s e  from ul underlying water tab le .  

t e r i a l s  permit rapid draining of water, they permit rapid ingress of 
water also, and if sach materials a - e  adjacent t o  less pervious materials 

and have free E C C ~ S S  t o  water they may serve as reservoirs  t o  saturate  

the l e s s  pervious materials. 
stances adequate drzinage systems should be provided. 

sandy s o i l s  w i t h  l i t t l e  or no f ines  (groups GW, GP, SW, and SP) have ex- 
ce l len t  drainage charac te r i s t ics .  The GMd and SMd groups have f a i r  t o  

poor drainage charac te r i s t ics ,  whereas the m u ,  GC, SMu, and SC GOUPS 

may be prac t ica l ly  impervious. 

f a i r  t o  poor drainage charac te r i s t ics .  

drainage charac te r i s t ics  or  a re  p r a c t i c a l l y  impervious. 

Compact ion  equipment 

While free-draining ma- 

It is obvious, therefore ,  t h a t  i n  most i n -  

The gravelly and 

S o i l s  of t h e  ML, MH, and Pt groups have 

All of the other groups have poor 

9.  The compaction of s o i l s  f o r  roads and runways, especial ly  for  

the  l a t t e r ,  requires t h a t  a high degree of densi ty  be at ta ined at the 

time of construction in order t h a t  detrimental  consolidation w i l l  not 

take place under t r a f f i c .  

a re  lessened i n  cases where saturat ion or near saturat ion takes place. 

Processed materials,  such as crushed rock, are of ten used as base course 

and such materials require spec ia l  treatment i n  compaction. Types of 

compaction equipment t h a t  w i l l  usual ly  produce the desired dens i t ies  are 

shown in column 13. It m a y  be noted t h a t  several  types of equipment are  

l i s t e d  f o r  some of the s o i l  groups; this i s  because var ia t ions in s o i l  

type within a given group may require t h e  use of d i f fe ren t  equipment. 

I n  some cases more than one type of equipment may be n e c e s s a r y t o  produce 

the  desired densi t ies .  Steel-wheeled r o l l e r s  a re  recommended f o r  angular 
materials with l imited amounts of f i n e s ,  crawler-type t r a c t o r s  or  rubber- 
t i r e d  r o l l e r s  f o r  gravels and sands, and sheepsfoot r o l l e r s  f o r  coarse- 

grained or  fine-grained s o i l s  having some cohesive qua l i t i es .  Rubber- 
t i r e d  r o l l e r s  a re  a l so  recommended f o r  final compaction operations f o r  

most s o i l s  except those of high l i q u i d  l i m i t  (group H). Suggested m i n i -  
mum weights of the  various types of equipment a re  s h a m  in note 2 of the  
tab le .  

pacted according t o  t es t  method 100 (CE 55 compaction e f f o r t ) ,  

In  addition, t h e  detrimental  e f fec ts  of water 

I n  column 14 are shown ranges of unit d r y  weight f o r  s o i l s  com- 



I , 

MIL-STD-6214. 

o r  con t ro l  of construct ion should be based on t e s t  r e s u l t s .  

T'ese vzlues a re  included p r b a r i l y  f o r  @dance; aesign 

Grzp'nicai Fjresentation of Soils Dez2 

on s o i l  

synbols 

w r i t t e n  

10. It i s  customary t o  present  t h e  results of soils explorat ions 

on drawings as schematic representa t ions  of t h e  borings o r  t e s t  p i t s  o r  

p r o f i l e s  with the  var ious  s o i l s  encounteqed shown by appropriate  

. As one approach, t h e  group l e t t e r  symbol (CL, e t c . )  may be 

~~ in t h e  a g r o p r i a t e  s ec t ion  of t h e  log. 
i ng  synbols shown in column 4 of t a b l e  B l m a y  be usee. 

n a t u r a l  wzter ccntent of f ine-gra ined  s o i l s  should be shown along t h e  

s ide  of t h e  log.  

ayprogriate .  

s o i l  types on maps and d r a w i n g s  i s  des i rab le .  

t o  show t h e  major soi l  groups i s  descr ibed in column 5 of t a b l e  B1. 

As an a l t e r n a t i v e ,  hatch- 

I n  addi t ion ,  t he  

Other desc r ip t ive  abbreviat ions may be used as  deemed 

A suggested co lor  scheme 

In c e r t a i n  s p e c i a l  ins tances  the  use of co lor  t o  de l inea te  
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I This method is under the jurisdiction of ASTM Cornmittcc D. I8 on soil and 
Rock and is the d i m  mponsibilitv of Subcommittee. 018.03 on Teaturc. 
P~wicitv. and Densicv ChsMCrisulicr of Soils. 

Cunrnt edition appmvd Nov. 21. 1963. Origidlv published 1935. R c p k ~ ~  
422 - 62. ' .Annual B t d  o/:.tSTAI Siandards. VolW.08. 

.4nnriul Bulk  rd'.iST,\I Siandurds. \'ol 14.02. I '  

.4nnrral Bulk o/ .AST.\I Sictndurds. VoI 14.01. 
. 
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Designation: D 422 - 63 (Reapproved 1972)" 

Standard Method for 
Particle-Size Analysis of Soils' 

T h i s  swndard is issued under the fixed datgnation D 4E. :he number immediatelv following the dcsienxion i n d i a m  the \cJr of 
onpnal adoption or. in the ~e oi revision. the v a r  of km rcnslon A number in parcnthcscs indicates :ne \ear oil351 mpproval. A 
superunpt epsilon ( e )  indiatcs an cdrlond change unct (he Is1 rcnnon or rcJDuroval 

* '  V o i E - k i o n  2 was added mltonallv and subsequent secttons renumbcrm in Julv 1984 

1. Scope 
I .  1 This method covers the quantirative detemination pf 

the distribution of particle sizes in soils. The distribution of 
panicle sizes larger than 75 pm (retained on the NO. 200 
sieve) is determined by sieving, while the distribution of 
particle sizes smaller than 75 pm is determined by a 
sedimentation process, using a hydrometer to secure the 
necessary data (Notes 1 and 2). 

NOfE I-Spamion may be made on the No. 4 (4.75-mm). NO. 40 
(425-pm). or No. 200 (75+m) sieve instead of the No. 10. For whatever 
sieve used  the size shall be indicated in the report. 

NOTE ?-Two types of dispersion dev im ar t  provided: ( I )  a 
high-speed mechanical stirrer. and (2)  air dispersion. Extensive i n v d -  
ptions indicate thar irdispenion devices produce a more positive 
dispersion of plastic soils below the ZO-pm size and appreciably less 
dcgradauon on all sizes when wd with sandy soils. Because of the 
definite advantages favoring air dispcmon. its usc is rccommcndd ?he 
results from the two typcs of devices differ in magairude. depnding 
upon soil typc leading to marked differmas in particle size distribu- 
tion. especially for siza finer than 20 pm. 

2. Referenced Documents 

1.1 ASTM Standards: 
D421 Practice for Dry Preparation of Soil Samples for 

Panicle-Size Analysis and Determination of Soil 
Constants2 

E 1 1  Specification for Wire-Cloth Sieves for Testing 

E 100 Specification for ASTM.Hydrometers4 
PUIQOS~S~ ' 

3. Apparatus 
3. I Balances-A balance sensitive to 0.0 1 g for weighrng 

the material passing a No. 10 (1.00-mm) sieve. and a balance 
sensitive to 0.1 4 of the mass of the sample lo be weighed for 
weighing the material retained on a No. 10 sieve. 
3.2 Sfirring Apparrits-Either apparatus A or B may be 

used. 
3.2.1 Apparatus A shall consist of a mechanically oper- 

ated stimng device in which a suitably mounted eleccic 
motor turns a vertical shaft at a speed of not less than 10 OOO 
rpm without load. The shaft shall be equipped with a 

replaceable stimng paddle made of meral. plas~ic. or hard 
nibber. as shown in Fig. 1. The shaft shall be ot' such Iengrh 
that the stirring paddle will opente not less than 71 in. ( 19.0 
mm) nor more than Iih in. (38.1 mm) above the bottom of 
the dispersion cup. A special dispersion cup conforming IO 
either of the designs shown in Fig. 2 shall be provided to hold 
the sample whiie it is being dispersed. 

3.2.2 Appantus B shall consist of an air-jet dispersion 
cup' (Note 3) conforming to the general details shown in Fig. 
3 (Notes 4 and 5 ) .  

NOTE ;-The amount of air required by an air-Jet dispersion cup is 
of the order o f  2 ft'/mtn: some smdl air cornprcsson arc no[ upable of 
supplying sufficient air 10 openre 3 cup. 
NOTE &Another air-typc dispersion device. known,= 3 dispersion 

tube. developed by Chu and Davidson at Iowa State Collqe. has been 
shown to give results equivalent to thox s a x m i  by the air-jet dspersion 
cups. When it is uscd. soaking of Ihc sample can be done in the 
sedimentauoa cylinder. thus eliminating the tad for mnsfcmng the 
slurry. When the a i r d i p d o n  tube is uscd it shall be so indicated in 
the repon. 
NOTE 5-watcr may condmsc in air lina when not in use. This 

water mun be removed either by using a water uap on the air line. or by 
blowing the water out of the line before using any of the air for 
dispersion purpous. 

3.3 Hydromew-An ASTM hydrometer, gnduated IO 
read in either specific gmvity of the suspension or grams per 
live of suspension. and conforming to the requirements for 
hydrometers 15 I H or 152H in Specifications E 100. Dimen- 
sions of both hydrometers are the same. the d e  being the 
only item of difference. 

3.4 Sedimeniaxion Cylinder--A glass cylinder essentially 
18 in. (457 mm) in height and 2% in. (63.5 mm) in diameter. 
and marked for 3 volume of 1000 mL. The inside diameter 
shall be such that the 1000-mL mark is 36 & 3 cm from the 
bottom on the inside. 

3.5 Thermomerer--A thermometer accurate to I'F 
(0.5.C). 

3.6 Sieves-A series of sieves. of square-mesh woven-wire 
cloth, conforming to the requirements of Specification E I 1. 
A full set of sieves includes the following (Note 6): 

' Deui~ed working dnwing for rhu cup arc nniljbk at a n o m i d  cost from 
rhc Amenan Somety for Testing and MavriJr I916 Rxc St.. Philadelphia. PA 
IY103. Order Adjuncr No. 124MZX- IX l .  
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FIG. 1 Detail of Stirring Paddles 

S i n .  (7S-mm) 
2-in. (SO-mm) 
~ ' i ~ - i n .  (37.5-mml 
I-in. (2S.O-mm) 
'/+in. (19.0-mrn) 
'in-in. f9.S-mm) 
No. 4 (4.75-mm) 

sieva @Gag u d o m  spadng of poinu for the 
h. as rcquired in Section 17. m a y  be used if desired. This set c0nskt.s 

S i n .  (7s-mm) 
l 'h in .  (37.5-mm) 
*-in. (19.O-mm) 
k i n .  (93-mm) 
No. 4 14.75-mm) 
No:8 (2.36-mm) 

3.7 Waier Barh or Consranr-Temperalure Room-A 
water bath or constant-temperature room for mainIaining 
the soil suspension at a constant temperature during the 
hydrometer analysis. A satisfactory water tank is an insulated 
tank that maintains the temperature of the suspension at a 
convenient constant temperature at or near 68'F (20'C). 
Such a device is illustrated in Fig. 4. In cases where the work 
is performed in a room at an automatically controlled 
constant temperature. the water bath is not necessary. 

3.8 Beaker-A beaker of 150-mL capacity. 
3.9 Timing Device-A watch or clock With a second 

hand. 

4. Dispersing Agent 
4.1 A solution of sodium hexametaphosphate (sometimes 

called sodium metaphosphate) shall be w d  in distilled or 
demineralized water. at the rate of 40 g of sodium 
hexametaphosphate/litre of solution (Note 7). 

NOTE 7-Solutions of this dt. if acidic. slowly icvm or hydrolyre 
--k to the onhophosphatc form with a resultant dencaw in d k p d v c  

n. Solutions should be prcparrd frequently (at lean once a month) c .djusted to pH of 8 or 9 by means of sodium arbonate. Bonla 
conraining solutions should have the date of prepamtion mark& on 
them. 

4.2 All water used shall bc either distilled or 
deminemlized water. The water for a hydrometer test shall 

Mamc EQum(ema 

n. 1.3 26 3.75 
mm 33 . 6 6  952 

flG 2 Ditpersion Cups of Apparatus 

be brought to the temperature that is expected to prevail 
during the hydrometer test. For example, if the sedimenta- 
tion cylinder is to be placed in the water bath, the distilled or 
demineralized water to be used shall be brought to the 
temperature of the controlled water bath; or, if the scdimen- 
tation cylinder is used in a room with controlled tempera- 
ture, the water for the test shall be at the temperature of the 
room. The basic temperature for the hydrometer test is 68'F 
(20'C). Small variations of temperature do not introdua 
diffeerences that are of practical significance and do not 
prevent the use of corrections derived as prescribed. 
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FIG. 3 AirJet Oispersbn Cups of Apparatus B 

5. Test Sample 
5.1 Prepare the test sample for mechanical analysis as 

outlined in Practice D421. During the preparation proce- 
dure the sample is divided into TWO ponions. One ponion 
contains only panicles rerained on the No. 10 (2.OO-mm) 
sieve while the other portion contains only particles passing, 
the No. 10 sieve. The mass.of ah-dxied soil selmed for 
purpose of tests. as prescribed in Practice D421, shall be 
sufficient to yield quantities for mechanical analYSi.5 as 
follows: 

5.1.1 The sue of the pomon retained on the No. 10 sieve 
shall depend on the maximum size of particle, according to 
the following schedule: 

Nominal D i a m a a  of 

in. (mml 
lagut Panic la  Approximate Minimum 

Mas of Poruon. g 

w (9.51 SO0 
Jh (19.0) 1000 

I (25.4) 2000 
' 1% (38.1) 3000 

2 (50.8) 4ooo 
3 (763) 5000 

5 .  I 2  The size of the podon passing the No. 10 sieve shall 
be approximately I 15 g for sandy soils and approximately 65 
3 for silt and clay soils. 

5.1 Provision is made in Section 5 of Practice D 421 for 
weighing of the air+ soil selmed for purpose of tests, the 
Wantion of the soil on the No. 10 sieve by dry-sieving and 
washing, and the weighing of the washed and dried fraction 
retained on the No. 10 sieve. From these two masses the 
Percentages retained and passing the No. 10 sieve can be 
cxlculated in accordance with 12.1. 

? J ( X E  8-A check on the mass valuer and the thorou@ness of 
DulVcriution of the clods may bc secured by weighing the portion 
W n S  the No. IO sieve and adding this value 10 the mass ofthe washed 
and O v ~ d r i e d  ponion d n c d  on the No. 10 sieve. 

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10 
(2.0O-mm) SIEVE 

6- bcet iure  
6.1 Sepaislte the portion Ruined on the No. IO (2.00- 

m m l  sieve into a series of f'crions using the 3-in. (75-mm). 

in. '/a 1 3 6% 14 37 
nml 222 25.4 762 158.2 356 940 

FIG 4 Insulated Water Bath 

2-in. (50-mm), 1Yz-in. (37.5-rnm), I-in. (25.0-mm), %-in. 
(19.0-mm), %-in. (9.5-mm), No. 4 (4.75-mm). and No. 10 
sieves. or as many as may be needed depending on the 
sample. or upon the specifications for the material under 
test. 

6.2 Conduct the sieving operation by m a n s  of a latenl 
and vertical motion of the sieve. accompanied by a jarring 
action in order to keep the sample moving continuously over 
the surface of the sieve. In no use turn or manipulate 
fragments in the sample through the sieve by hand. Continue 
sieving until not more than I mass % of the residue on a ' 

sieve passes that sieve during 1 min of sieving. When 
mechaniul sieving is used. test the thoroughness of sieving 
by using the hand method of sieving as described above. 

6.3 Determine the mass of e x h  fislction on a balance 
conforming to the requirements of 3.1. At the end ol' 
weighing, the sum of the masses reained on all the sieves 
used should equal closely the original mass of the quantily 
sieved. 
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7. Determinarion of Composite Correcrion for Hydmmerer 

7. I Equations for pcrcenrsges of soil remaining in suspen- 
sion. Y given in 14.2. are based on the use o f & k d  Or 
demineralized water. A drspcrsing a g e ~ t  is uscd in thc water. 
however. and the specific gnvl ty  of the resultins liquid is 
appreciably -mrer  than thzt of disriiled or aernincdized 
wale:. 

7.1.1 Both soil hydromcrers arc d i b n t e d  at 6S'F (20-c). 
and variations in  rempenture from this sundard tcmpen- 
ture produce inaccuracies in the anud hydrometcr rudings. 
The amount of the i n a m r a p  incrrves as the Variation 
from tne nandard temperature innexes. 

7.1 .z ff ydromeren are gmduared by the manufa~Iurcr to 
be m d  at the bottom of the meniscus formcd by thc liquid 
on the nem. Since it is not possible 10 secure r u d i n p  of soil 
suspensions at the bottom of the meniscus. reading must be 
taken at the top and a correction appiicd. 

7.1.3 The net amounK of the comcxions for the three 
items enumerated is designated as the composite comcxion. 
and may be determined expcrimcnully. 

7.2 For convenience. a -mph or uble of composite 
' correnions.for a series of 1' tempemure difieercncts for the 
range of expecred KCSI KCIII~~XZUCS may be prcparcd and 
used as needed Mauremenr of the composite C O ~ o n s  
a a y  be made at two temperarurrs spanning the range of 

rpmed test temperatures and corrmions for the interme-' 
diate u m p e n t m  calcuked assuming a straight-line rrla- 
tionship beween the nvo observed values. 

7.3 Reparc loo0 mL of liquid composed of dinilled or 
demineraiized water and dispening agent in the same 
propomon as will prevail in the sedimcnurion (hydrometer) 
ten. Place the liquid in a sedimentauon cyclindcr and the 
cylinder in the consf3nt-tempemIurc water bath. set for one 
of the two temper;ltures to be used. When the teapemturc of 
the liquid becomes consant inxn the hydromcrer. and. 
after a shon intcrval to pennit the hydrometer to come to the 
tcmpenrure of the liquid r u d  the hydrometer at the top of 
the meniscus formeti on the nem. For hydrometer I5 1 H the 
composite c o d o n  is the difference bcnven this ruding 
and one: for hydrometer 152H it is the difference beyeen 
the mding and zero. Bring the liquid and the hydrometer to 
the OKher tempemture KO be used and secure thc composire 
comcrion Y before. 

Rading 

a 

- 

8. Hygroscopic Moisrure 
8.1 When the sample is weighed for the hydrometer t a t  

weigh out an auxilivy portion of from 10 KO I5 g in a small 
metal or glvs container. dry the sample to a consun1 mas in 
an oven at 230 2 9'F ( 1  10 2 5'0. and weigh again. Rccord 
the masses. 

9. Dispersion of Soil Sample 
9.1 When the soil is m d y  of the chv and silt dzci  weigh a >ut a sample of Yrdry soil of approximately 50 g When t he  

soil is mosrly sand the sample should be approximarely 100 
tk 

?.Z P!acc the s m p i r  in tnc 25O-mL b&t: 2nd COVC- u.,b 
125 mL of sodium hexamezxhospnate soiurion (40 s / ~ ) .  
Stir until the soil is rhoroualywencd. A10w IO soak for 
l c l n  16 h. 

9.3 At the end of the soaking Period. disperse the sample 
funher. using either s imng  a p p m u  A or E. If nirring 
appar~tw A is uscd. mnsier L!X soil - water slum from ~c 
beaker into the special aspersion CLIP shown in Fig L 
washing any residue from b c  beaker into the cup wih 
distilled or dcminedizca uatcr'(Note 9). Add distilled or 
aenincnlizcd water. i i  neem, SO that ~ix cup is m o e  
W half full. Sur for a period of 1 min. 
N m  9 - - ~  lyec size syringe is a convcnicnt dwim for hmdhng 

warm in UIC washing opmzion. mer devices induac rhc wash-walp. 
bonle and a hose With n o d e  connrnd to a prasWI?.ed dsdled wlp. 
raak. 

9.4 If srirring appyaru~ B (fig 3) is used. remove thc 
cover uu and mnnm the cup IO a compressed air supply by 
muns of a rubber hose. A air gage m w  be on the line 
beween the cup and the conuol valve. Open the conml 
valve so that the gage ind iura  1 psi (7 kPa) prasurt (Noe 
10). TranuLer the soil - water slurry from the beaker to the 
air-jet &on cllp by wadung with disTilled or 
demincdized water. Add M e d  or deminedzed water, if 
necasar)., 50 that the KOUI volume in the cup is 3 0  m L  bur 
no more. 
N m  IO-Tkcinirialairpmofl ps i ' i s~urml ropr rvcnc thc  

mixnut from enuring the *-jet cham& wvhcn rhc mixnut toil - 
is d a d  IO Ihe w o n  cup. 

9.3 Place the cover u p  on the c u p  and open the air 
control valve until the gage prrssurc is 20 psi -( 140 kPa). 
Lhpcrsc the soil according to the following schedule: 

Dirpamon Mod 
min 

5 
10 
IS 

Soils conwining large pcrcenmgcs of mica need be d i s p e d  
for only 1 min. After the dispanon period. reduce the gag 
prrsfllrc to 1 psi prepantory KO tr;msfcr of soil - warn slurry 
to the scdimcntarion cylinder. 

10. Hydrometer Test 
10.1 Immediately der dispenion. =fer the soil - wafer 

slurry to the glass stdimenuuon cylinder. and add distilled 
or dcmindized water unril the total volume is 1000 m L  

10.2 Using the palm of the hand over the open end of the 
cylinder (or a rubber stopper in the open end), nun the 
cylinder upside down and back for a period of 1 min to 
complete the agruuon of the dUrry (Note 11). At the end of 
1 min sct the cylinder in a convenient loution and take 
hydmmerer readings at the following inurvals of time 
( m u s u r d  from the beginning of scdimenmion), or as many 
y may be needed. depending on the sample or the spccifia- 
tion for the m a t d  under tac  2. 5. 15. 30. 60. 250. and 
1440 min. If the convolled bath is used. the *men- 
uuon cylinder should be placed in the bath b e ~ ~ c c n  the 1- 
and 5-min d n g s  

NOTE ll--The number of turn during this minute should k 
appmxirmtdv 60. counting ihe turn umdc b o w  and b x k  as twg t u r n  

107 
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Any ;oil rcTp.3lnin:*, i n  :he ~ Y , i ~ m : i  ,:{ i ~ c  c-:rindcr dunnr  rhc !k fcw 
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," I X  tnvcncd posrIlon. 

10.2 When i t  is desired to rake a hydrometer =ding, 
tvcfully insert the hydrometer about 20 to 25 s before the 
rading is due to approximately the depth it will have when 
the mding is laken. As soon as the rading is taken. a r c f d y  
remove the hydrometer and place it w d ~  a spinning motion 
in 3 gmdute of clean d id led  or d e r n i n e d z d  water. 

XOTE 1 2 4 t  is imporunt IO rcmovc rhc hvdrornner irnrncdnrciy 
~ f l c r  a c h  r u d i n e  Ruciings shall bc ukcn 31 rhc IOU oi'thc m c m a s  
iJmd by thc susmnsion around rhc nc-. SICCC it is not e b l c  10 

Icc2x =dings 31 rhc bonom oI' thc m c n i s c s .  

10.4 After e3ch reading, uke the ternpenture of the 
suspension by inserting the thermometer into the suspen- 
sion. 

a 

11. Sieve Analysis 
11.1 After raking the final hydrometer rading, UmSfer 

the suspension to a No. 200 (75-gm) sieve and wash With Up 
waxer until the wash water is clex. Transfer rhe mat&al on 
[he NO. 100 sieve to a suiuble container. dry in an oven at 
130 & 9'F ( 1  10 b 5'C) and make a sieve analysis of the 
ponion rerained using as many sieves Y desired or r~quired 
for the material. or upon the specifiuuon of the material 
under ten.  

12. Sieve Analysis Values for the Pomoo C m r  thaa the 

12.1 Calculate the percentage passing the No. 10 sieve by 
dividing the mass passing the No. 10 sieve by the  mas^ of soil 
onginally split on the No. 10 sieve. and multiplying The d t  
by 100. To obtain the mass passing the No. 10 sieve, mbmct 
the mass retained on the No. 10 sieve from the original m a s  

12.2 To secure the total mass of soil passing Ihe No. 4 
(4.75-mm) sieve. add to the m a s  of the matend passing the 
NO. 10 sieve the mass of the fmcxion passing the No. 4 sieve 
and rerained on the No. 10 sieve. To seem the total m s  Of 
sod passing the W-in. (9.5-mm) sieve, add IO the total m s  of 
Soil passing the No. 4 sieve. the mass of the fmcxion &ng 
the W-in. sieve 3nd rewined on the No. 4 sieve. For the 
rtmaining sieves, continue the dculations in the same 
manner. 

12.3 To determine the to& pcrcenqe passing for e x h  
sieve. divide the tou l  m s  passing (see 12.7) by the t o d  
mass of sample and multipiy the result by 100. 

NO. 10 (2.00-mm) Sieve 

13. Hygroscopic iMoisture Correcrion Faaor 
13.1 The hydroscopic moisture c o d o n  facror k the 

ntio beween the mass of the ovendned sample and the 
airdry mass before drying It is a number less than one. 
Cxccpt when there is no hygroscopic moisture. 

14. Percentiqes of Soil in Suspension 
1 1 . 1  Calculate the ovendp  m a s  of soil wd in the 

hydrometer andvsis bv multipi>ing the aird? mass by the 
hygroscopic moisture comaion imor. 

~~ ~ 

C~!C::IC Cravm Cuvccm F JC.KY* 

2.95 0.94 
2.w 0.95 
2.85 0.96 
2.80 , 0.97 
275 0.98 
2.70 0.99 
2.65 1 .oo 
2.M 1.01 
2.55 1.02 
2.50 1.03 
2.45 1.05 

For usa m eawoon 101 cercenrage 01 sod remmaq n SUSOBIY~ wnen e 
Hyaronwrer 152H. 

14.2 Calcuhre the mass of a total umple represented by 
the mass of soil used in the hydrometer tess by dividing the 
oven- mass used by the percenwe passing the No. 10 
(2.00-mmj sieve, and multiplying the result by 100. ?his 
value is the weight W in the equation for percenuge 
remaining in suspension. 

14.3 The percentage of soil remaining in suspension at the 
level at which the hydrometer is mwunng the densiry of the 
suspension may be calculated as follows (Note 13): For 
hydrometer 15 1 H: 

P=.[(IOOooO/I~ x G/(G - G,)](R - G,)  
N o n  13-Thc bnckered pordon of the equation for hvdrwrnerer 

15 1 H is coasunr for a series of rudingr and may bc dculawd fim and 
then rnuldptied by the pomon in the m n l h c s a .  

For hydrometer 152H: 

where: 
a = correction faction to be applied to the ruding of 

hydrometer 1S2H. (Values shown on the d e  are 
computed using a gravity of 265. Comaion 
factors are given in Table I), 

P = parentage of soil remaining in suspension at the level 
at which the hydrometer measures the densiry of the 
suspension, 

R = hydrometer mding  with composite comaion a g  
plied (Section 7), 

W = ovendry mass of soil in a total test sample rrprel 
xnted by mass of soil dspcned (see 14.2). g, 

G = specific gravity of the soil parrida. and 
G, = specific gmvity of the liqlljd in which soil pYridu are 

suspended. Use numerical value of one in both 
instances in the equation. In the FIKI insuncc m y  
possible variation produm no Signifi-t effect and 
in the second insane. the composite co~~&on for R 
is based on a value of one-for G,. 

P = (Ra/W) x 100 

15. Diameter of Soil Pyticles 
15.1 The diameter of 3 partide componding IO the 

percentage indiuted by a given hydrometer mding  shall be 
calculared according to Stokes' law (Note 14), on the basis 
that 3 panicle of this diameter was 31 the surface of the 
suspension at the beginning of sedimcnmuon and had senled 
to the levci at which the hydrometer is mevunng the density 
of the suspension. According to Stoke' law 

D = J(30n/Y80(G - .G,)1 X r / r  



L =  

T =  

G =  
G, = 

coeiilcieni 0;- viscosiry of rhc suspending medium (in 
this m e  warer) in poka  ( e a  with dunga in 
tempemure of the suspending medium). 
dimnce from the s u k ~ c c  of the suspension to h e  
levei 31 which the demiry of the suspension is being 
measured. cm. (For a given hvcirorrlera ana sedimcn- 
muon cylinder. values vap according to the  hydrom- 
e!cr m d i n g .  Ti-us h n c e  is know0 as efieaivc 
d e ~ ~ h  (Table.')). 
inrervai of ume from W n i n g  of xdimenuuon KO 
the taking of the r u d i n q  min. 
specific wviN of soii parricik. and 
specific p v i r y  (reiauve density) of suspending me- 
dium (value may be uscd as 1.000 for all p n c r i d  
purposes). 

p a m C i 0  

may be wrinen as follows: 

where: 
K = COWK depending on the t e m p e n m  of the suspen- 

sion and the speciiic gnvity of the sod panicles. Values 
of K for a m g e  of temperanun and spedic graviua 
arc given in Table 3. The value of Kdoa not change for 
a series of readings consriruting a test, while values of L 
and T d o  vary. 

15.3 Values of D may be computed with sutKacnt accu- 

15.1 For convenienm in dcularions the above equauon 

D = SJE 

e 
racy. using an ordinaq IO-in. slide rule 

NOTE IS-Thc value of L is dividcd by T ~g the A -  a d  B - r J l a  
the sum root being indiavd on rbc D-sa le  Wirhout m n g  rhc 
vaiuc oirhe s q w  root it mav be muitipiiai by K using arbcr rhc C -  or 
CI-saic. 

16. Sieve ilnaivsis Values for Pomon Ener than NO. IO 

16.1 Calculation of pcrcentaga passing the various sieva 
used in sieving the ponion of the sample from thc hydmm- 
etcr t a t  involves seved steps. The firs step is IO Calculart 
the m m  of the fmcrion hat would have been rc&ed on the 
No. 10 sieve had it not been removed This  my^ is qual IO 
the total pcrctnmgc m i n e d  on the No. 10 sieve (100 minus 
tolal percentage passing) rima the mass of the total sample 
represented by the mass of soil used (Y ulculaud in 142). 
and the radt divided by 100. 

1 6 2  Calculate next the total mas passing the No. 200 
sieve. Add together the W o n a l  masses raaincd on all the 
sieva. including the No. 10 sieve and sub- this sum from 
the m u s  of the rod  sampic (as d&td in 1421. 

16.3 Calcuhte next ~e total passing each of the 
other sieva. in a manner si& to that given in 122. 

16.4 C3icuhte lyr the total pcranraga pasing by di- 
ding the total m= passing (as dcuiated in 16.31 by the 

(LOO-mm) Sieve 

e I o d  mzss of wmpie (as calcuhtcd in 14.2). and multiply the 
result bv 100. 

T A B E  2 Velues of Effecme Deum Based on Hyommeter Bnd 
Seatmenranon Wlnoer of Speatied Sized 

~ 

1 .am 163 0 163 31 112 
1.001 16.0 1 16.1 32 11.1 
1 .om 15.8 2 16.0 23 10.9 
1.003 155 3 15.8 36 10.7 
1 .OM 152 4 15.6 25 10.6 
1.005 15.0 5 155 

1.006 16.7 6 153 36 10.4 
1.007 14.4 7 152 37 102 
1.008 16.2 8 15.0 38 10.1 
1.009 139 9 .14.8 39 9.9 
1.01 0 13.7 10 16.7 40 9.7 

1.011 13.4 11 165 61 9.6 
1.012 131 12 14.3 62 9.4 
1.013 129 13 142 63 9 2  

126 14 14 0 64 9.1 11)16 
N m  I k S i n c c  S I O ~ '  law connam rhc tcrmlnaf 400~ of a 

the & c u r  of s p h m  bi would fall at rhc s m c  mu as rhc sod 
nngc spnerc i&ng in an miimrv of Lqma rhe p ~ e r  d c u l a d  1.015 123 15 138 65 8 9  

1.016 121 16 13.7 66 a8 
1.017 11.8 17 135 67 8.6 
1.018 115 18 13.3 40 8.4 
1.019 113  19 13.2 69 8 3  
1 .ox1 11.0 20 1x0 50 8.1 

1 .ozl 10.7 n 129 51 7.9 
1 .mz 105 22 127 ' 52 7 8  
lU23 109 23 125 53 7.6 
1.024 10.0 26 124 54 7.6 
1 B  9.7 25 122 55 7.3 

l m 6  9.4 25 120 56 7.1 
11127 92 a 119 57 7.0 
1028 as a 11.7 58 6 8  
1.029 86 29 115 59 6.6 
1.030 8.4 Jo 11.4 €4 6s 

1 ml ai 
1 .a2 7.8 
1.033 7.6 
1.034 7 3  
1 .a35 7 0  
1.036 6.8 
LO37 65  
1 .me 6 2  

* V & m  ol eclsarrs apln a8 - lrom m e  
L - L , + H L - ( v d m l l  - 

L -eMeavsdBdr.an. 
L, - osrarpsamq w s ~ m  atuenpmaos(mn maavdmecua to w 

m r n a n p m n s r r r ~ a n  
L* - 0 r a r a r l S g m o t w ~ M . ~  
v, - r o u n e a t ~ ~ c m ' . a d  
A --arSrot-ynOa. d 
V m r o s ~ n  c a n & m q  
Form- lSlH d 15Pt 
4 - 1 4 0 a n  
v, - 67.0 a+ 
A - n.8d 
Funp.mas 151k 
L, -105ontParaaQngdlIXK) 

Fornpmnsca1Un: 

T-2 a8 8s to*K 

- 2 3 a n t u a r s a o n g a t l m t  

1, - 105aniuar raongotOqlrss  
-234mcorafEam3d50glrss 

17. Gmph ' 

17.1 When the hydroman analysis is performed. a gmph 

I I 
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PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky 

Flats Plant (RFP) for drilling and obtaining samples of soil and rock from hollow-stem auger 

borings. In general, hollow-stem auger coring will be the preferred technique for obtaining 

environmental samples of subsoil and bedrock from boreholes at the RFP. Other types of 

samples may also be obtained from hollow-stem auger borings. This SOP describes hollow-stem 

auger drilling and sampling equipment and procedures, and decontamination that will be used 

for field data collection and documentation in order to attain acceptable standards of accuracy, 

precision, comparability, representativeness, and completeness. 

If the eventual purpose of the grouted surface casing placement is to support requirements to 

install a well, not a piezometer, the Project Manager should refer to SOP GT.6 and other 

contained related SOPS for further instruction. These procedures specify pre-installation 

approval for monitoring wells from Environmental Science and Engineering, Geosciences 

Division. Advanced notification of monitoring well installation is necessary for the state of 

Colorado, Division of Water Resources. Prior to invasive activities, SOP GT.24 requirements 

should be reviewed and followed to acquire soil disturbance approval from RFP Construction 

Management. 

PERSONNEL QUALIFICATIONS 

Personnel overseeing drilling operations and logging alluvial and bedrock materials should be 

geologists with a minimum of a B.S. or BA. degree in geology and have applicable field 

experience. Other qualified personoel may include geotechnical engineers or field technicians 

with an appropriate amount of applicable field experience or on-the-job training under the 

supervision of another qualified person. The personnel will be trained to log according to the 

RFP "reference" cores and samples (see SOP GT.l, Logging Alluvial and Bedrock Material). 

I 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to L..e writing of L,., procedure: 

A Compendium of Superfund Field Operations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investigations and Feasibilitv Studies Under CERCLA. 

Interim Find. EPA/540/G-89/004. October 1988. 

RCRA Facilitv Investigation Guidance. Interim Find. May 1989. 

RCR4 Groundwater Monitoring Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1. Washington D.C. September 1986. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.8, Handling of Drilling Fluids and Cuttings 

SOP F0.9, Handling of Residual Samples 

SOP GT.l, Lo&g Alluvial and Bedrock Material 

SOP GT.3, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP GT.4, Rotary Drilling and Rock Coring 

SOP GT.5, Plugging and Abandonment of Boreholes 
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d 0 SOP GT.6, Monitoring Wells and Piezometer Installation 

ng 0 SOP GT.lO, Borehole Clearing 
00 
Do 

\ SOP F0.14, Field Data Management 

0 SOP GT.24, Approval Process for Construction Activities on or near 

Individual Hazardous Substance Sites (IHSSs) 
Q $ 1  
$ 
\3. 

5.0 PROCEDURES FOR DRILLING AND SAMPLING 

Hollow-stem augers are one type of continuous-flight auger used for advancing boreholes 

when discrete samples of the subsurface materials are obtained. They are particularly 

applicable for sampling materials with a tendency to cave in and for environmental sampling. 

The augers 
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consist of sections of steel tubing (up to 5 feet long) with steel helical flights around the outside. 

Segments of auger are added as the borehole advances, and samples are retrieved through the 

inside of the auger without having to remove the auger from the borehole during sampling. 

With this technique, samples will be obtained either with standard split spoon or California drive 

samplers, or with a continuous core augering technique. The continuous coring technique can 

obtain up to 5-foot-long cores in a 5-foot-long sample barrel; however, at RFP, sampling will be 

conducted in increments of 2 feet to enhance sample recovery unless otherwise specified in the 

Field Sampling Plan (FSP). Drive sampling will normally obtain a 12- to 18-inch-long sample 

depending on the length of the sampler. Visual logging of the alluvial and bedrock materials will 

be performed according to SOP GT.l, Logging Alluvial and Bedrock Material. Sampling for 

chemical analysis is addressed in this SOP. All sampling equipment will be protected from the 

ground surface with clear plastic sheeting. All drilling and sampling activities will be conducted 

in accordance with the project Health and Safety Plan. 
' 

5.1 EQUIPMENT AND MATERIALS 

The following equipment and materials are needed for hollow-stem auger drilling and soil 

sampling. Only the types of samplers required by the sampling specified in the Field Sampling 

Plan (FSP) will be required on a given project. Sample barrels will have permanent (welded or 

stamped) identification numbers on them. 

0 Drill rig equipped for drilling and sampling with hollow-stem augers 

0 Continuous core augering equipment (including 2-1/2- to 3-inch inside diameter 

sample barrel suitable for 2-foot sample rods) 

0 Standard split spoon sampler (ASTM D 1586) 



a '  

DRILLING AND SAMPLING USING HOLLOW-STEM AUGER TECHNlQUES 

EG&G ROCKY 5 A T S  PLANT Manual: 5-21000-0Ps 
EMD MANUAL OPERATION SOP Procedure No.: GT.2, Rev. 2 

Page: 5 of 16 
Effective Date: March 1,1992 

Category 2 Organization: Environmental Management 

a California spoon sampler 

a Brass (or stainless steel) California liners (2-inch-diameter) 

a 

a 

3-inch-long stainless steel volatildsemi-volatile organic analysis (VOA) sample 

liner for continuous auger core barrel 

Teflon@ film (cut in 4-inch x Cinch squares) 

Plastic caps for California and VOA liners" 

Stainless steel mixing bowl and utensils 

Self-adhesive labels 

Ice chests (sample shuttles) 

High pressure steamer/sprayer 

Long-handled bristle brushes 

Washlrinse tubs 

phosphate-free, lab-grade detergent (e.g., Liquinox) 

Location map 

Weighted tape measure 

J33 
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e Water level probe 

e Distilled water 

e Drums for containment of cuttings 

e Appropriate health and safety equipment 

e Field book 

e Boring log forms 

5.2 DRILLING PROCEDURES 

Boreholes will be drilled by using hollow-stem augers and the sampling equipment required by 

the FSP. AU drilling equipment, including the rig, water tanks, augers, drill rods, samplers, etc., 

will be decontaminated before arrival at the work area site. Between boreholes, all down-hole 

equipment will be decontaminated, and sampling equipment will 'be decontaminated between 

samples. Equipment will be inspected for evidence of fuel oil or hydraulic system leaks (see SOP 

F0.3, General Equipment Decontamination, and SOP F0.4, Heavy Equipment Decontamination). 

If lubricants are required for downhole equipment, only pure vegetable oil will be used. 

Before drilling, borings will have been located, numbered, and identified using stakes or paint 

sticks on paved surfaces. Buried metal objects will have been located by using geophysical 

methods, and utility clearance will have been accomplished according to SOP GT.10, Borehole 

Clearing. 
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After boreholes have been cleared and obstructions removed, an exclusion zone will be 

established according to the project Health and Safety Plan, and the drill rig will be set up. The 

boring will be advanced to the depth indicated and sampled according to the FSP. 

For borings where environmental samples will be obtained in the bedrock, surface casing may 

be required. If surface casing is required, it will be installed according to SOP GT.3, Isolating 

Bedrock From the Alluvium With Grouted Surface Casing. The bottom of the surface casing will 

be embedded in the bedrock according to SOP GT.3. The embedment may vary for monitoring 

wells according to the FSP or project-specific work plan. After installing the casing, the bedrock 

will be drilled and sampled by using hollow-stem augers small enough to fit through the casing I 
in horeholes designated for environmental sampling. In boreholes that are drilled only for 

geologic logging, hydraulic or geotechnical testing, or monitoring wells, the portion of the 

borehole below the casing may be drilled using conventional rotary or rock coring techniques (see 

SOP GT.4, Rotary Drilling and Rock Coring). This will normally allow for the use of a smaller 

diameter surface casing. 

It is anticipated that most or all of the weathered bedrock can be drilled and sampled by using 

the continuous hollow-stem auger coring method. However, if bedrock that is sufficiently 

cemented to render this method ineffective is encountered in borings designated for environmental 

sampling, the cemented zone will be rock cored using filtered air as the drilling medium 

according to SOP GT.4, Rotary Drilling and Rock Coring. After the cemented zone is 

penetrated, the boring will continue with hollow-stem auger coring. If necessary, this may 

require reaming the cored section with air-rotary techniques. 

The borings will be logged lithologically by examination and classification of the samples. 

Documentation will be completed by the site geologist according to !kction 8.0 of this SOP. SOP 

GT. 1, Logging Alluvial and Bedrock Material, describes procedures for material classification 

and borehole logging. 
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At the first indication of free water on the sampler or in samples, the time and estimated depth 

will be recorded. However, it is frequently difficult to determine the true water level in hollow- 

stem auger borings at the time of drilling, particularly when drilling in low-permeability soil or 

bedrock. Therefore, water levels will also be measured each day before drilling begins and 

recorded on Form GT.2A. In low-permeability deposits, it is possible for a borehole to be drilled 

below the groundwater level and not collect water for several hours or even days. It is, 

therefore, important to note moisture changes in the samples when evaluating groundwater 

conditions at the time of drilling. During the drilling and while the augers are being removed, 

the cuttings and unsaved portions of samples from the boring will be containerized according to 

SOP F0.8, Handling of Drilling Fluids and Cuttings, and SOP F0.9, Handling of Residual 

Samples. 

5.3 SAMPLING PROCEDURES 

5.3.1 Continuous Core Auger Sampling 

The continuous coring method advances a split barrel that is contained within the lead auger. The 

augers rotate around the sampler and cut while the sample barrel is prevented from rotating. 

Continuous core samples are collected in the barrel. The barrel will be unlined except for a 3- 

inch long stainless steel VOA sample liner placed at the bottom end of the barrel directly behind 

the cutting shoe. Once the core barrel has been removed from the borehole, opened, scanned, 

and measured, the VOA sample liner will immediately be capped with Teflon@- 

b 
.=! 
8 
\ 
& 

, sealed with labeled, and placed 

in a cooler with ice. In order to obtain a composite sample for additional analyses, including 

semi-VOAs, the sampler will be closed and placed in a safe location, out of the direct sun, until 

a sufficient interval of samples have been obtained. Once the samples have been obtained, the 

core barrels will be opened and each sample will then be classified, logged, peeled, composited, 

and placed in appropriate containers for analytical testing according to SOP F0.13, 

Containerization, Preserving, Handling, and Shipping of Soil and Water Samples. Sample 
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intervals and requirements for compositing will be defined in the FSP or project-specific work I 
plan. 

Sample peeling will involve discarding the portion of sample that was in direct contact with the 

sampler. Once the samples have been peeled, a linear scraping of the peeled samples will be 

placed in a stainless steel bowl and mixed with a stainless steel instrument. Soil particles 

(gravels) larger than the jar mouth will be discarded. Peeling and compositing will be conducted 

with separate decontaminated stainless steel instruments. If the core is not coherent, core samples 

need not be peeled before sampling because it is difficult to be certain what parts of a 

noncoherent sample were in contact with the sampler. 

Samples for geotechnical testing will consist of approximately 3/4-filled pint-sized glass jars with 

air-tight lids placed in compartmented shipping cartons designed to prevent breakage of the jars. 

Sample peeling is not required for geotechnical samples. 

5.3.2 Drive Sampling 

Drive samples will be obtained in general accordance with ASTM Designation D 1586. After 

drilling to the predetermined depth, the standard split spoon or California sampler will be attached 

to the end of the drill rod and lowered to the bottom of the boring. The standard 140-pound 

hammer assembly will then be attached to the top of the drill rod. The depth to the bottom of 

the sampler will be recorded, and reference marks at 6-inch increments will be placed on the drill 

rod. The test consists of driving the sampler with the standard 140-pound hammer dropped 30 

inches. 

When using the 2-inch-outside-diameter (O.D.) standard split spoon sampler, drive the sampler 

through three 6-inch increments (or 100 blows, whichever occurs first), with the sum of the last 

two increments being the Standard Penetration Count or Blow Count or N-value, and the first 6- 

inch increment being considered as seating. I 
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A California barrel with brass (or stainless steel) liners may be substituted for the standard split 

barrel. The integrity of the sample can generally be better maintained since thin-walled liners 

containing the sample can be removed from the barrel and sealed. Since the California sampler 

is shorter than the standard split spoon sampler, it will be driven only 12 inches, with blow 

counts recorded for each &inch increment. However, several blows are required before marking 

and counting blows to seat the sampler. 

A California barrel has a 2.5-inch O.D. and a 2-inch inside diameter (I.D.) Modified California 

samplers with larger diameters are also available. The liners for a conventional California barrel 

have a 1.94-inch I.D. Although not precisely equivalent, the blow count obtained by using a 2- 

inch. I.D. California barrel is frequently considered to be comparable to the N-value obtained 

using a standard barrel. Blow counts using larger samplers will not be equivalent, and larger 

hammers may be required to drive them under some conditions. 

A rope and cathead arrangement or automatic trip hammer will be used to obtain drive samples. I 
If a rope and cathead arrangement is used, excessive turns of the rope on the cathead must be 

avoided, since this will result in friction and drag between the rope and cathead. TWO turns of 

the rope on the cathead will be used and sufficient slack in the rope provided during hammer free 

fall to prevent excessive friction. 

Standard split spoon samples saved for geotechnical testing will consist of 3/4-filled pint-sized 

glass jars with airtight lids placed in compartmented shipping cartons designed to prevent 

breakage of the jars. Samples for VOA analytical testing will be obtained by placing a 3-inch 

long stainless steel VOA sample liner a! the bottom end of the barrel directly behind the cutting 

shoe. Composite samples for additional analyses, including semi-VOAs, will consist of linear 

scrapes from three consecutive peeled samples (see Subsection 5.3.1) placed in containers 

described in SOP FO. 13, Containerization, Preserving, Handling, and Shipping of Soil and Water 

Samples. For California liner samples, the geotechnical samples may be saved in the liners with 

plastic end caps. 
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5.3.3 VOC Sampling 

a VOC samples will be collected from the base of every other 2-foot drive sample from 

the ground surface to the water table. 

a A VOC sample will be collected in the bottom of the first drive sample below the water 

table. 

A final VOC sample will be collected from the base of the first drive within bedrock 

immediately below the alluvial material 
0 c.! 
q3.01 I 

a Additional VOC samples will be collected as follows: 

If a lithologic feature or OVA reading indicates the possibility that VOC I 
contamination exists, then a sample will be taken at the base of the next drive 

interval. 

- If the sampler is opened, scanned and a color change, free product, or other 

physical evidence indicating the possibility for contamination is observed in a 

location other than where a pretargeted VOC sample is located, a 3" section will 

be immediately cut, pulled, wrapped, placed in a wide mouth jar and sealed. 

The sample will be sent to the lab for sub r ing  and analysis. 
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5.4 BORING COMPLETION AND ABANDONMENT 

After the borehole has been advanced to its final depth, it will either be abandoned or completed 

as a monitoring well (see SOP GT.5, Plugging and Abandonment of Boreholes, and SOP GT.6, 

Monitoring Wells and Piezometer Installation). 
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The boring location stake will be left in the ground adjacent to the borehole, and a board or 

other cover placed over the hole until it has been grouted. All boreholes to be abandoned 

with a depth greater than 1 foot will be grouted the same day that abandonment is completed. 

The boring location stake will then be placed in the grout. 

6.0 QUALITY ASSURANCE/QUALITY CONTROL SAMPLES 

Quality Assurance (QA) and Quality Control (QC) activities will be accomplished according to 

applicable project plans as well as quality requirements presented in this SOP. 

QA samples for soils fall into five categories: 

0 Duplicate 

0 Matrix spike 

0 Matrix spike duplicate 

0 Equipment rinsate 

0 Field blank 

SOP F0.13, Containerization, Preserving, Handling, and Shipping of Soil and Water Samples 

describes the general handling of samples. Applicable project plans specify QA sample 

frequencies. If insufficient sample material is available for the collection of a planned QC 

sample, the conditions that prevent the collection of the QC sample will be documented in the 

field log book and on the Daily Field Drilling Activities Report Form (GT.2A). The Project 

Manager will be informed that QC samples were not collected as planned so that any impacts 

to the QNQC goals established in applicable project plans can be evaluated. % 
0 
8 

If sufficient material is available to collect a planned QC sample, the QC sample will be 

collected and documentation will be recorded in the field log book and on the Daily Field 

(401 I-93mYm.m)(GRRRr.Z)m/l8m) 
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Drilling Activities Report Form (GT-2A). Sample collection procedures will be the same as 

< 
o b  

those described in Section 5.0 for duplicate, matrix spike, and duplicate matrix spike samples. 

These samples are intended to be as close to exact replicates of the original samples as 

possible. They are obtained immediately adjacent to the planned samples that they are 

4 intended to duplicate. The hollow stem auger barrel should be designed with ridges to 

2 
0 
b 

I 

incorporate two 3-inch stainless steel sample liners above the barrel shoe. This design will be 

used to collect a VOA soil sample and its replicate. Project or site-specific QC sample 

collection techniques will be addressed in either the field sampling plan, work plan, or Quality 

Assurance Addendum. 

A rinsate sample from sampling equipment is intended to check for potential contamination of 

the sample by the sampling equipment. For the soil sampling operation, a rinsate sample will 

be 
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collected from sampling equipment with any liners in place before the sampling equipment is 

used. Approximately 3 liters of distilled water will be rinsed over a decontaminated sampler and 

collected in a large decontaminated stainless steel bowl. A decontaminated glass or stainless steel 

beaker will be used to dip the water from the bowl and fill the sample bottles. The rinsate 

samples will be analyzed for the same parameters as the soil samples. 

I 
Field blank samples are containers filled with clean water that are handled and moved the same 

as the other samples to check for potential crossantamination resulting from field handling and 

movement procedures. 

DECONTAMINATION 

Generalized equipment decontamination procedures will include: 

0 SamDline euuiDment. Decontamination will be conducted between individual 

sampling points to minimize potential cross-contamination. Sampling equipment 

will be decontaminated according to SOP F0.3, General Equipment 

Decontamination. During drilling and sampling, decontaminated equipment will 

be placed on new plastic or racks until it is used. At least two sets of samplers 

will be available so that one set can be used while the other is being 

decontaminated. I 

0 Drilline euuiDment. Decontamination of augers, drill stems, drill bits, and other 

down-hole equipment will be conducted after each boring is complete. Drill rigs 

will be decontaminated when moved out of a work area or when they .become 

unusually dirty as a result of site or drilling conditions, at the discretion of the 

site or project manager. Decontamination of drilling equipment is described in 

more detail in SOP F0.4, Heavy Equipment Decontamination. 
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DOCUMENTATION 

All information required by this SOP will be documented on the Borehole Log Form (Form 

GT. 1A) and the Hollow-Stem Auger Drilling Field Activities Report Form 

(Form GT.2A). Th Field Activities Report Form will be filled out for each day 

of drilling at a given borehole location and, in situations where more than one boring is drilled 

and completed per day per drill rig, at least one form will be completed per boring. The 

borehole log will include information on subsurface material classificatio- . The 

Activities Report will include the following information and have space for Field 

comments and documentation of general observations: 

. .  a Project name 

0 Date 

a Weather conditions 
a Drilling company and driller 

a 

a 

a Borehole dep- 

Geologist and other crew members 

Equipment descriptions (rig, augers, bits, etc.) 
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e End-ofday status (in progress of drilling completed) 
L? 
b3 w 

e Chronological record of activities 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.2A (REV. 3.1) 

DAILY FIELD DRILLING ACTIVITIES REPORT 

Project Name: Subcontractor: Date: 
Location Code: Rig Type: 
Drilling Co.: - Drilling Method: 
Driller: Drilling Fluid: 
Geologist: Bit Diameter: IN 
Crew Member(s): Bit Type: 

Total Depth: FT 

SarnDle # 
QC 
Code Time 

Depths (FT): 
Start End 

Types:OVM 
Readina (PPM) 

a P 
Readings (CPM) 

End of Day Status: In Progress Drilling Completed 

Chronological Record of Activities and Comments: 

Was there fluid in the hole at the beginning of the daily drilling operation? Yes No- 
If yes, what was the water level? FT 

Weather: 

Completed By: Date: 

Checked By: Date: 
Print Name Signature 

Print Name Signature 
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Add reference as identified on attached. 
Change requirements of Daily Field Drilling Activities Report as identified on 
attached 
Eliminate. Information will be recorded on GT.2A 
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Eliminate GT.3A, as all information will be recorded on GT.2A which is a combination of GT.2A, 
GT.3A, GT.4A and F0.14E. 
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10 New 0 Revision Intart Change 0 Nonintcnt Change Editorial C o d o n  Cancellation 

11. propscd Modificatiara 

Add the following paragraph after the fust paragraph in Section 2.0: 

If the md-purposcof the drilling is to install aod complete a monitoring well, not a p i e m m e ,  the hject  Manager should refer 
to SOP GT.6 and other contained rCl& SOPS for f u d m  instructions. Thesc procedures specify pn-installation approval for 
monitoring wells from Environmmtal Scicoccs and Engineering, Geosciences Division. Advanced notification of monitoring wcll 
installation is ncctssary for the stare of Colorado, Division of Water Resources. Prior to invasive activities, SOP Gr.24 
rquircplcotb should be reviewed and followed to acquire soil disturbanceapproval from RFP Construction Management. 

Add the following reference to the list of SOPS: 

0 SOP GT.24, Approval Process for Construction Activities on or Near Individual Hazardous SubmceSites (IHSSs) 

. 

!. Add required reference. 

Specify the a d v ~ c c d  notification of the state of Colorado prior to the installation of monibring wells. 

I REVEWED FOR CLASSIFlCATlONlUCN 

DATE N A  

93m9.001 



ISOLATING BEDROCK FROM THE ALLUVTUM WlTH GROUTED SURFACE CASING 

EG&G ROCKY FLATS PLANT Manual: 5-21000-OPS 
EMD MANUAL OPERATION SOP Procedm No.: GT3, Rev. 2 

Effective Date: March 1,1992 
Category 2 Organizatioa: Environmental Management 

page: 1 of 10 

1.0 TABLE OF CONTENTS 

1.0 TABLEOFCONTENTS ................................................... 1 
2.0 PURPOSE ANDSCOPE .................................................. 2 
3.0 PERSONNEL QUALIFICATIONS .......................................... 2 

4.0 REFERENCES ........................:................................. 3 . 

4.1 SOURCEREFERENCES ........................................... 3 
4 2  INTERNALREFERENCES ......................................... 3 

5.0 PROCEDURES FOR INSTALLING SURFACE CASING.. ....................... 4 

5.1 EQUIPMENTAND MATERIALS .................................... 4 

5.1.1 Casing Requirements ........................................ 5 
5.12 Grout Requirements ......................................... 5 

5 2  DRILLINGMETHODS .......................................... 5A 
53 SURFACE CASING INSTALLATION AND SEALING PROCEDURES ....... 6 

6.0 DOCUMENTATION ..................................................... 9 

7 

DOCUblENT CLASSIFICAilC:4 f i Z V 3  V,‘Ai’;Ez 
PER R.B. HOFFMAN, CIASSlFlCATlON OFFICE 

JUNE 11, 1991 



ISOLATING BEDROCK FROM THE ALLUVIUM WITH GROUTED SURFACE CASING 

EG&G ROCKY FLATS PLANT Manual: 5-210oO-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GT3, Rev. 2 

Page: 1A of 10 
Effective Date: 04/22/94 

Category 2 Organization: Environmental Management 

Pages 

1 
lA 
2-3A 
3 
5 
5 
5 
6-9 
9-1OA 
Form GT.3 

LIST OF EFFECTIVE PAGES 

Effective Date 

05/10/93 
04/22/94 
04/22/94 
01/10/94 
05/ 10193 
08/20/93 
02/10/93 
05/10/93 
01/10/94 
01 110194 

I TOTAL NUMBER OF PAGES (including forms): 17 

Change Number 

DCN 93.02 
94-DMR-000418 
94-DMR-000418 
93-DMR-000956 
DCN 93.02 
DCN 93.04 
DCN 93.01 
DCN 93.02 
93-DMR-000956 
93-DMR-000957 



ISOLATING BEDROCK FROM THE ALLUVlUM WITH GROUTED SURFACE CASING 

s D 
D 

s; 
3 
Q 

d 

EG&G ROCKY FLATS PLANT Manual: 5-21OOO-OPS 
EMD MANUAL, OPERATION SOP Procedure No.: GT3, Rev. 2 

Page: 2 of 10 
Effective Date: 04/22/94 

Category 2 Organization: Environmental Management 

If the end-purpose of the drilling is to install and complete a monitoring well, not a piezometer, the 

Project Manager should refer to SOP GT.6 and other contained related SOPS for further 

instructions. These procedures specify pre-installation approval for monitoring wells from 

Environmental Sciences and Engineering, Geosciences Division. Advanced notification of 

monitoring well installation is necessary for the state of Colorado, Division of Water Resources. 

Prior to invasive activities, SOP GT.24 requirements should be reviewed and followed to acquire 

soil disturbance approval from RFP Construction Management. 

2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to install surface casing (where required) grouted into the top of bedrock to isolate the 

bedrock from the alluvium. The intent of implementing this SOP is to prevent cross-contamination 

from the alluvium into the bedrock. This may be required for environmental sampling of the 

bedrock in boreholes and for construction of bedrock monitoring wells. The following items are 

discussed in this SOP: 

0 Drilling methods for advancing boreholes 

0 Surface casing installation materials 

0 Surface casing installation procedures 

This SOP describes the field procedures that will be used to install surface casing and document 

the procedures in order to attain acceptable standards of accuracy, precision, comparability, 

representativeness, and completeness. 
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3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the installation of grouted surface casing will be geologists, geotechnical 

engineers, or field technicians with an appropriate amount of applicable field experience or on-the- 

job training under the supervision of another qualified person. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A Compendium of Superfund Field Operations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investigations and Feasibilitv Studies Under CERCLA. Interim 

Final. EPA/540/G-89/004. October 1988. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 

RCRA Groundwater Monitoring Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1. Washington D.C. September 1986. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination a 

/55 
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0 SOP GT.l, Logging Alluvial and Bedrock Material 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP GT.4, Rotary Drilling and Rock Coring 

SOP F0.14, Field Data Management 

SOP GT.24, Approval Process for Construction Activities on or Near Individual 

0 

0 

0 SOP GT.lO, Borehole Clearing 

0 

0 

Hazardous Substance Sites (IHSSs) 

I 

Y rh 
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5.0 PROCEDURES FOR INSTALLING SURFACE CASING 

If required, surface casings will be installed in boreholes drilled and logged according to SOP GT.2, 

Drilling and Sampling Using Hollow-Stem Auger Techniques, and SOP GT. 1, Logging Alluvial and 

Bedrock Material. All drilling and sampling equipment will be decontaminated according to SOP 

F0.3, General Equipment Decontamination andor  SOP F0.4, Heavy Equipment Decontamination. 

Drilling and sampling equipment will be protected from the ground surface with clear plastic sheeting 

or placed on clean drill racks. 

5.1 EQUIPhlENT AND MATERIALS 

The following is a list of equipment and materials used for surface casing installation: 

Drill rig with appropriately-sized augers 

Surface casing 

Cement of approved quality and American Colloid Pure Gold Bentonite grout (or 

approved equivalent) 

Rubber groutdisplacement plug (l/Z-inch diameter larger than inside diameter of 

casing) 

Tremie pipe and grout pump 

High pressure steamedsprayer 

Mechanical grout mixer 

Weighted tape measure 

Water level probe 

Pipe cutter 

Appropriate documentation forms 

Drums for containment of cuttings 

Appropriate health and safety equipment 
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Pre-approved water from a potable source (see SOP F0.3, General Equipment 

Decontamination) 

0 Plastic Sheeting 

5.1.1 Casing Requirements 

Surface casing will consist of new schedule 4Q80 poly-vinyl chloride (PVC) or steel well casing. PVC 

casing will be used for nominal casing diameters of 6 inches or less. h g e r  casings will be steel. 

Joints will be water-tight threaded couplings made without welds, solvents or lubricants. The casing 

will be embedded into the top of bedrock and extend to approximately 1 foot above the ground surface. 

I 

AI1 surface casing will be free of foreign material and will be decontaminated according to SOP F0.3. 

General Equipment Decontamination. Decontaminated casing will be stored in plastic sheeting or kept 

4 3.0 I I on clean racks prior to use. Ei soofating bedrock from 

ling weatile ck d y .  

5.1.2 Grout Requirements 

The grout mixture will consist of a cement and reduced pH bentonite grout (American Colloid Pure 

Gold or approved equivalent) mixed according to the manufacturer's recommendations. The. mixture 

will contain 5 to 10 percent bentonite by weight and have a minimum density of 13 to 15 pounds per 

gallon after mixing. The density will be measured using a mud balance. 
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5.2 DRILLING METHODS 

Boreholes will be drilled into the top of bedrock using hollow-stem augers. Alternatively, conventional 

rotary or reverse4rculation rotary methods may be used; however, due to the variability of these 
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5.3 

I methods, their use may be outlined in a project-specific work plan. Drilling equipment including the 

rig, augers, drill rods, and samplers will be decontaminated according to SOP F0.3, General 

Equipment Decontamination, and SOP F0.4, Heavy Equipment Decontamination. The borehole will 

be of sufficient diameter to allow 2 inches of grout between the casing and the borehole. Each 

borehole location will be cleared according to SOP GT. 10, Borehole Clearing, before drilling. 

SURFACE CASING INSTALLATION AND SEALING PROCEDURES 
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DOCUMENTATION 

All information required by this SOP d be documented on the Borehole Log Form (Form 

GT.lA) and the & . .. 
. Form GT324 will be GUed out for each day of 

drilling at a given borehole location: and, in situations where more than one boring is drilled and 

completed per day per drill rig, at least one form will be completed per boring.- 

3 The eld . .  . .  
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EMD MANUAL OPERATION SOP 

include the following information and have space for comments and documentation of general 

observations: 

. .  
e Project name 

e .  Subcontractor 

Date 

Weather conditions 

e Driller and drilling company 

e 

e Equipment descriptions (rig, etc.) 

Borehole depth ed-&m&w 

Geologist and other crew members 
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0 Equipment descriptions (rig, etc) 

0 Borehole depth - 
. . . . . . . . . . . . . . . 

0 End-of-day status 

0 Chronological record of activities 
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PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for rotary drilling and rock coring, using air and water as drilling media. These 

procedures also are applicable for the use of sonic drilling methods where little or no water, air, 

or mud is required for circulation during penetration. It addresses equipment, field procedures, 

decontamination, and documentation that will be used for rotary drilling, sonic drilling, and rock 

coring, and describes documentation of these procedures in order to attain acceptable standards of 

accuracy, precision, comparability, representativeness, and completeness. 

If the end-purpose of the drilling is to install and complete a monitoring well, not a piezometer, the 

Project Manager should refer to SOP GT.6 and other contained related SOPS for further 

instructions. These procedures specify pre-installation approval for monitoring wells from 

Environmental Sciences and Engineering, Geosciences Division. Advanced notification of 

monitoring well installation is necessary for the state of Colorado, Division of Water Resources. 

Prior to invasive activities, SOP GT24 requirements should be reviewed and followed to acquire 

soil disturbance approval from RFP Construction Management. 

PERSONNEL QUALIFICATIONS 

Personnel overseeing rotary drilling, sonic drilling, and rock coring will be geologists, geotechnical 

engineers, or field technicians with an appropriate amount of applicable field experience or on-the- 

job training under the supervision of another qualifed person. 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A Compendium of SuDerfund Field ODerations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investipations and Feasibilitv Studies Under CERCLA. Interim 

Final. EPA/540/G-89/004. October 1988. 

RCRA Facilitv Investigation Guidance. Interim Final. May 1989. 

RCRA Ground-Water Monitoring Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1. Washington D.C. September, 1986. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.8, Handling of Drilling Fluids and Cuttings 

SOP GT.l, Logging Alluvial and Bedrock Material 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques 

SOP GT.3, Isolating Bedrock from the Alluvium With Grouted Surface Casing 

SOP GT.6, Monitoring Wells and Piezometer Installation 

SOP GT.5, Plugging and Abandonment of Boreholes 
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0 SOP GT.lO, Borehole Clearing 

0 SOP F0.14, Field Data Management 

0 SOP GT.24, Approval Process for ConstrucLm Activities on or Near Individual 

Hazardous Substance Sites (IHSSs) 
I 

9c 
f 5.0 EQUIPMENT AND PROCEDURES 
F 

5.1 GENERAL 8 

Rotary drilling and rock coring methods that use air or water as the drilling media are common 

techniques employed to obtain stratigraphic, lithologic, hydrogeologic, geotech&cal, and 

environmental data, as well as a means for monitoring well installation. In general, hollow-stem 

continuous-flight augers will be the preferred technique for drilling boreholes to collect 

environmental samples of soil and rock (see SOP GT.2, Drilling and Sampling Using Hollow-Stem 

Auger Techniques). The use of air or water can alter analytical chemistry or physical property test 

results by altering sample moisture, by volatilizing contaminants (in the case of air), or by washing 

i?5 
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them away (in the w e  of water). Using water when drilling cab also alter the groundwater 

chemistry in the vicinity of the borehole, and needs to be accounted for during development of 

wells. Rotary drilling and rock coring may be used for advancing boreholes with or without 

environmental sampling in zones of hard material which cannot be penetrated with augers. 

5 1  

53.1 

Samples obtained for analytical chemistry testing will be prepared and contained in general 

accordance with SOP GT.2, Dtilling and.Samphg Using Hollow-Stem Auger Techniques. In 

general, air will be the drilling medium used when it is necessary to penetrate cemented zones of 

rock in auger borings drilled for environmental sampling. Water will typically be used as the drilling 

medium when drilling relatively deep bedrock wells and when obtaining rock core exclusively for 

geologic logging. Alternatively, dud-tube air percussion or ODEX drilling methods using water or 

air may be appropriate for some conditions. Sonic drilling methods require little or no water, air, 

m u 4  or other circulation medium for penetration. The appropriate work plan will outline drilling 

requirements for each project. 

EQUIPMENT AND MATERIALS 

General Rotary Drilling Equipment 

The following is a list of equipment and materials for rotary drilling: 

Drill rig with appropriately-sized drill bits and rods 

Portable recirculation tanks for water rotary 

Preapproved water for water rotary 

Conveyance equipment (pumps and hoses) 

Air compressor with appropriate air fdter(s) 

High pressure steamer/sprayer 

0 Wash/rinse tubs 

0 Weighted tape measure 
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Phosphate-free, lab-grade detergent (e.g., Liquinox) 

Water level probe 

Appropriate health and safety equipment 

Drums for containment of cuttings and fluids (see SOP F0.8, Handling of Drilling 

Fluids and Cuttings) 

Boring log form 

Field activities report form 

Pint-sized plastic jars with screw caps for cuttings (see SOP GT.l, Logging Alluvial 

and Bedrock Material) 

Black, waterproof (permanent) marking pens i 

522 Supplemental Equipment for Rock Coring 

Additional equipment for rock coring Wiu consist of the following: 

Core barrel assembly 

Wire line or core rods 

Coring log forms 

Core boxes with wooden blocks 

Measuring tape 

Camera (photography is security controlled at Rocky Flats Plant) 

Core barrel rack 

Plastic wrap for core 

5 3  PROCEDURES 

Boreholes will be drilled using a rig equipped with rotary drilling equipment capable' of advancing 

the borehole to. the depth specified in the Field Sampling Plan (FSP). All d r i i  equipment, 
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including the rig, water transportation tanks, bits, and drill rods, will be decontaminated according ' 

to SOP F0.3, General Equipment Decontamination and SOP F0.4, Heavy Equipment 

Decontamination. These decontamination procedures will also be followed between boreholes for 

downhole equipment and between work areas of different contaminant characterization for the 

drilling rig. Drilling equipment will be inspected to ensure that hydraulic system and fuel leaks do 

not introduce organic contamination on site or into the borehole. Any~leaks that may introduce 

such contamination will be repaired before drilling. If lubricants are required for downhole 

equipment, only pure vegetable oil will be used. 

Borehole locations will be cleared before drilling according to SOP GT.lO, Borehole Clearing. Drill 

fluids and cuttings will be handled according to SOP F0.8, Handling of Drilling Fluids and Cuttings. 

Boreholes will be abandoned according to SOP GT.5, Plugging and Abandonment of Boreholes. 

AU procedures will be conducted according to the applicable Health and Safety Plan. Project- 

specific requirements will be addressed in a work plan. I 

53.1 Rotary Drilling Techniques 

Conventional rotary drilling involves the introduction of a drilling medium (fluid) into the borehole 

through the drill rods and circulation of the medium back up the hole to remove drill cuttings. The 

hole is advanced by the cutting action of a rotating drill bit at the bottom of the hole. Reverse 

circulation methods are similar to conventional rotary methods, except that the drilling medium is 

injected down the annulus between an inner and outer double casing and returns back up the inside 

of the inner casing. Some reverse circulation methods use rotary techniques, some use non-rotating 

percussion techniques, and some use a combination of the two. When rotary drilling, samples of 

cuttings obtained to be saved for geotechnical testing or future geologic reference will be placed in 

pint-sized plastic jars with screw-on tops and saved in core boxes. 

I (401 l ~ ) ( G " 4 R E V 2 ) ( U 3 / 0 2 / 9 2 )  
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53.1.1 Water 

Water used for rotary drilling will consist of RFP potable water. Water transportation tanks and 

conveyance equipment will be contaminant-free and dedicated for the use with preapproved water 

to ensure that the preapproved water introduced into the borehole is also contaminant-free. 

Portable decontaminated water recirculation tanks wiIl be used for rotary operations. Excavated 

sumps or pits (lined or unlined) will not be used. If cahg becomes a problem during drilling with 

water, super Gel-X (powdered bentonite) or biodegradable drilling additives such as guar gum may 

be added to the RFP potable water to stop uptake of water by the formation and to prevent hole 

loss. All drilling additives must be pre-approved by EG&G before use in a borehole, and they must 

be noted on the applicable documentation. Decontamination of tanks and conveyance equipment 

will also be conducted in accordance with SOP F0.3, General Equipment Decontamination and/or 

SOP F0.4, Heavy Equipment Decontamination. 

53.12 &r 

Conventional air compressors used for air rotary methods contain oil for lubricating moving parts 

and compress air and oil in their operation. To avoid introducing contaminants into the borehole, 

an EG&G-approved filtration system designed to provide oil-free air will be used. Depending on I 
the requirements of the particular project, such a system may consist of an air-cooled aftercooler, 

a regenerative dryer, a coalescing filter, and a particulate afterfilter, all arranged in series. The 

particular filtration system design will depend on the compressor equipment, the project 

requirements, and anticipated ambient conditions. The filtration system will be matched 

appropriately to the compressor’s capacity so that the reduction in the flow of air to the drilling 

equipment is tolerable. The filtration system components will be changed or monitored according 

to the requirements of the design during operation and a record of this kept on the field activities 

report form (see Section 7, Documentation). 
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Dust control measures may also be required according to the Field Operations Plan (FOP) and 

Health and Safety Plan (HSP). The airborne dispersion of cuttings can be controlled to some 

extent by circulating the return air through a vortex or cyclone. See SOP FO.l, Air Monitoring and 

Dust Control for more information. 

532 

533 

Rock Coring , 

Continuous core samples collected using rock coring methods can be used to obtain relatively 

undisturbed samples of rock for stratigraphic, lithologic, hydrogeologic, and environmental data. 

Conventional rock coring methods use a diamond coring bit instead of a conventional tricone or ' 

granular rotary bit. 

Continuous core samples will be extracted from the core barrel, placed on core racks, and logged 

by appropriate personnel according to SOP GT.l, Logging Alluvial and Bedrock Material. Rock I 
core to be saved for geotecheid testing or further geologic observations will be placed in plastic 

core wrap and then placed in core boxes with appropriately-sized dividers to protect and preserve 

the orientation of the core during movement and storage. Coring equipment will also be 

decontaminated according to SOP F03, General Equipment Decontamination. 

Air or 'water drilling media used for coring must be contaminant-free. Therefore, the provisions 

required in Subsections 5.3.1.1 and 53.1.2 for drilling fluids also apply to rock coring procedures. 

Sonic Drilling Techniques 

Sonic drilling is achieved by a drill head that transmits high-frequency pressure waves through steel 

drilling pipe to create a cutting action at the tip of the drill bit. Pressure waves are created by 

center-rotating, offset balanced roller-weights. The frequency of the drill string causes the column 

to vibrate elastically along its longitudinal axis. In the resonant condition, the drill string acts as a 
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fly-wheel, transmitting maximum power to the drill bit. This power, combined with slow rotation 

to expose fresh material to the bit and slight downward pressure advances the drill string through 

soil and rock without the addition of a drilling medium. 

Because the drilling action and thin-wall design of the drill string either forces the displaced 

material into the wall of the borehole or into the core barrel, very little waste cuttings are 

generated. 

Samples wdl be obtained by vibrating the drill bit and rotating the core barrel to the desired depth, 

advancing the outer drill pipe, and then pulling the sample to the surface via the wireline. Once 

at the surface, the sample will be vibrated or hydraulically extracted from the core barrel into a 

plastic sleeve or clean sample tray. After a sample is collected, the core barrel will be 

decontaminated and readied to retrieve the next sample. 

6.0 DECONTAMlNATION 

Generalized equipment decontamination procedures will include: 

e Sampline equipment. Decontamination will be conducted between individual 

sampling points to minimize potential cross-contamination. Sampling equipment 

will be decontaminated according to SOP F03, General Equipment 

Decontamination. During drilling and sampling, decontaminated equipment will 

be placed on new plastic sheeting or racks until it is used. At least two sets of 

samplers will be available so that one set can be used while the other is being 

decontaminated. When coring bedrock using water as a circulating medium, no 

decontamination of core barrels or measuring tapes is necessary between coring 

9 3 m . m  
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runs. The core barrels and measuring tapes will be decontaminated after each 

boring is complete. 

Drilling eauibment. Decontamination (augers, drill stems, drill bits,'and other 

downhole equipment) will be conducted after each boring is complete. The drill 

rig will be decontaminated when moved to a new work area that has a different 

contaminant characterization. Decontamination of drilling equipment is described 

in SOP F0.4, Heavy Equipment Decontamination. 

7.0 DOCUMENTATION 

All information required by this SOP will be dckumented on the Borehole Log Form (Form 
. .  . . .  :':D,& FjH 

GT.lA) and the a::: .:.: .......................................... .................................. 

. The ield Activities Report Form 

will be filled out for each day of drilling at a given borehole location and, in situations where more 

than one boring is drilled and completed per day per drill rig, at least one form will be completed 

per boring. The borehole log will include information on subsurface material classification and 

Lithology. ( 

The Pa& Field D d h g  Activities Report will include the following information and have 

space for comments and documentation of general observations: 

. . .  
e Project name 

Date 

Weather conditions 

e Equipment descriptions (rig, bits, etc) 
Drilling company and driller I 

($2 
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0 Geologist and other crew membe- 

e Borehole dept- - 
e Drilling fluid used - 
e Chronological record of activities 

0 End-of-day status (in progress of drilling complete) 
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3.0 

b 

PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to plug and abandon (P&A) boreholes. Plugging refers to the physical process of filling 

the hole with grout while abandonment refers to the completion and documentation of all of the 

requirements of this SOP. 

For the purpose of this SOP, a borehole is defined as a ground penetration that is drilled for the I 
primary purpose of obtaining geologic and environmental information. Generally, a borehole will 

provide retrieval of cores, cuttings, and geophysical data. Boreholes may be uncased or partially or 

fully cased. This SOP addresses abandonment of boreholes immediately after completion of drilling; 

therefore, the depth, diameter, and other features of the borehole will be known. Unless the status 

of a borehole is changed, it will be plugged and abandoned immediately after the desired data are 

collected. 

The status of a borehole may be changed to that of a well. For the purpose of this SOP, a well is 

defined as a surface penetration drilled for the purpose of installing a water well (i.e., for monitoring 

andor  production) or a cased penetration designed to obtain piezometric information. Abandonment 

of wells is addressed in SOP GT. 11, Plugging and Abandonment of Wells. Abandonment of previous 

ground penetrations of unknown status is also addressed in SOP GT. 1 1. 

PERSONNEL QUALIFICATIONS 

Personnel overseeing the plugging and abandonment of boreholes will be geologists, geotechnical 

engineers, or field technicians with an appropriate amount of applicable field experience or on-the-job 

training under the supervision of another qualified person. 
. .  
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a List of references reviewed prior to the writing of this procedure: 

A Compendium of Superfund Field Operations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conducting Remedial Investkitions and Feasibilitv Studies Under CERCLA. Interim 

Final. EPA/S40/G-89/004. October 1988. 

RCRA Facility Investieatioo Guidance. Interim Fmal. May 1989. 

RCRA Groundwater Monitorine Technical Enforcement Guidance Document. EPA. OSWER- 

9950.1. Washington D.C. September 1986. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

a SOP F03 ,  General Equipment Decontamination 

a SOP F0.4, Heavy Equipment Decontamination 

SOP F 0 5 ,  Handling of Purge and Development Water 

SOP F0.8, Handling of Drilling Ruids and Cuttings 

a 

a 

a SOP F0.9, Handling of Residual Samples 



PLUGGING AND ABANDONMENT OF BOREHOLES 

Manual: 5-21ooM)PS 
GTS, Rev. 2 

EG&C ROCKY FLATS PLANT 
EMD MANUAL OPERATION SOP Procedure No.: 

C a t e g O Y  2 

page: 
EEective Date: 
Organization: 

3A of 8 
March 1,1992 

Environmental Management 

a 

a 

a 

SOP GT.2, Drilling and Sampling Us@ HoUowStem Auger Techniques 

SOP GT3, Isolating Bedrock from the Alluvium With Grouted Surface Casing 

SOP GT.4, Rotary Drilling and Rock Coring 

I 

. . -  
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0 SOP GT. 10, Borehole Clearing 

SOP GT. 11, Plugging and Abandonment of Wells 

5.0 EQUIPMENT AND PROCEDURES 

5.1 hUTERIALS AND EQUIPiMENT 

The following materials and equipment may be used: 

0 Drill rig and associated equipment 

Reduced pH bentonite grout (American Colloid Pure Gold, or approved equivalent) 

Cement bentonite grout proportioned as 1 sack (94 pounds) of Portland cement, 5 

0 

0 

pounds of powded  bentonite, and approximately 8 gallons of potable water 

e Portable metal tanks for flushing and mixing 

0 High pressure steamedsprayer 

0 Phosphate-free, lab-grade detergent (e.g., Equinox) 

0 Drums for containment of borehole effluent and sediment 

0 Weighted tape measure 

0 Mirror andor flashlight 
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0 Health and safety monitoring equipment and personal protective equipment according 

to the Health and Safety Plan 

e Borehole plugging and abandonment form 

0 Black waterproof (permanent) marking pens 

5.2 PROCEDURES 

Plugging will involve placing bentonite grout by a tremie pipe positioned at the bottom of the hole. 

The grout will be mixed in a powered mechanical grout mixer according to the manufacturer’s 

recommendations. The grout will contain at least 3 0  percent solids by weight and have‘ a minimum 
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Upon completion of plugging, the rig and associated equipment will be decontaminated according 

to SOP F03, General Equipment Decontamination and SOP F0.4, Heavy Equipment 

Decontamination. Remaining environmental materials will be handled according to SOP F0.8, 
Handling of Dnlling Fluids and Cuttings. The ground surface at the site will be restored to near 

original lines and grades. Landscaping and/or pavement will be replaced. 

6.0 DOCZTMENTATION 

Information required by SOP will be documented on the Borehole Log Form (Form GT.lA) 

Form (Form GTSA). TheSdd and the WeUlfBorehole Abandonment- . . .  - & situations where more than one boring is abandoned per day per drill rig, at least 

one form will be completed per boring. The boring log will include information on subsurface 

material classification, stra@aphy, and lithology. Environmental materials handling will be 

documented according to SOP F0.8, Handling of Drilling Fluids and Cuttings. The . . .  

. . .  indud the following 

information and have space for comments and documentation of general observations: 

. . ~ ; ~ , . y x z  ..e Project name an-. .................................. ,......,....,,, 
0 Date ' 

0 Weather conditions 

0 DrilIing company and driller 

e 

. e  

Geologist and other new. members (With subcontractors) 

Equipment descriptions (rig, tremie, pump, etc) 

0 Borehole depth and diameter 

0 Water level in borehole prior to abandonment (U any) 
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0 Volume of grout placed 

0 Type, length, and diameter of casing removed (if applicable) 

Type, depth, and diameter of casing left in place (if applicable) 

Surface seal information (date set and depth) 

0 

0 

0 Chronological record of activities 

n 
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

WELL / BOREHOLE ABANDONMENT FORM 

FORM GT.5A (REV. 31 

-0CATlON COD 
JROJECT NAME: 

Neli Specifics (as applicable): e 
XNSTRUCTED 
=IELD DEPTH (Fn: 
VUMBER OF SCREENS: 

SCREEN DlAMETER(S) (IN): 2'' 
SCREENED INTERVALS (m: 

IO' - PVC 
\ SCREEN TYPE(S1: 

STICKUP OR FLUSH MOUNT: ss 
AQUIFERS MONITORED: A 

18'. * 38' 
rck U P  2.0' 

JENETRATES CONFINING LAY 

~ E A S O N  FOR ABANDONMENT: we1 I d A M A O E ~  

Abandonment Specifics (as applicable) 

ABANDONMENT START DATE: 
=IELD BOOK ID NUMBER: 
NEAMER 
2 EO LOG ET:  
SITEPERSONNEL: 

END DATE: 5i:Fg 93 6 - 14- q3 
PAGE NUMBER(S1: 

70' g5 

KPPnty C h h e d  

DRILLER & DRILLING COMPANY: q. 

RIG TYPE: b i m o  ' 

U D D  / 1 AVnE kflv rROnfulEntA I 
- 

DRILLING METHOD: Hnl1o W MEm 
TREMlE & PUMPING Ea%?: 1 "  P\Jc / UWNO -?Urn p 
SROUT VOLUME PLACED (FT'): 547 
CASING REMOVED (YIN): M 

TYPE: U/A DIAMETER (IN): kd/A 
LENGTH (m: MIA 
TYPE: DIAMETER (IN): N / A  CASING LEFT IN 

0' DATE SET: 6 - 15- 93 
LENGTH cm: N /A 

SURFACE S€AL DEPTH (FT): 
CONCRETE PAD INSCRIPTION: 8Ya /  6 4 - ? 3  
METAL ID PLATE INSTALLED (Y/N): 

'illEd AI SUT!AACE ABANDONMENT METHOD: OR out -c 
CAS1 UU ff?modEd, -f rAnspo r+Gd 

'5  ! S C r E  E P 

STATE WELL ABANDONMENT FORM SUBMlnED 
?ATE FORM -15-93 
:'ompiered By: n 

Print Name 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.5A (REV. 3) 

WELL / BOREHOLE ABANDONMENT FORM 

LOCATION CODE: 
PROJECT NAME: 

DATE: 
SUBCONTRACTOR: 

'Well Specifics (as applicable): 

CONSTRUCTED DEPTH (Fn: 
FIELD DEPTH (FT): 

BORING DIAMETER (IN): 
WATER LEVEL (FT): 

NUMBER OF SCREENS: 
SCREEN TYPE(S1: 
SCREEN DIAMETER(S1 (IN): 
SCREENED INTERVALS (m: 
STICKUP OR FLUSH MOUNT: 
PENETRATES CONFINING LAYERS (Y/N):- 
AQUIFERS MONITORED: 
REASON FOR ABANDONMENT: 

Abandonment Specifics (as applicable) 

ABANDONMENT START DATE: END DATE: 
FIELD BOOK ID NUMBER: 
WEATHER CONDITIONS: 
GEOLOGIST: 
SITE PERSONNEL: 

PAGE NUMBERIS): 

DRILLER & DRILLING COMPANY: 

RIG TYPE: DRILLING METHOD: 
TREMIE & PUMPING EQUIPT.: 
GROUT VOLUME PLACED (FT3): 
CASING REMOVED (Y/N): 

TYPE: DIAMETER (IN): 
LENGTH (FT): 

CASING LEFT IN PLACE IY/N): 
TYPE: DIAMETER (IN): 
LENGTH (m: 

SURFACE SEAL DEPTH (R3: 
CONCRETE PAD INSCRIPTION: 
METAL ID PLATE INSTALLED (Y/N): 
ABANDONMENT METHOD: 

DATE SET: 

DISPOSITION OF MATERIALS REMOVED: 

COMMENTS OR PROBLEMS ENCOUNTERED: 

STATE WELL ABANDONMENT FORM SUBMllTED TO GEOSCIENCES (Y/N): 
DATE FORM SUBMITTED: 

Completed By: Date: 

Checked By: Date: 
Print Name Signature 
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c1 New Revision lntent Change a Nonintent Change 0 Editorial C o m t i o n  

This procedure h a s  9 active DMRsIDCNs against it, and is currently being revised. However, in order 
to continue operations, this DMR is being issued in parallel with the revision. 

Cancellation 
1 1. Pmposed ModifI~L&¶ 

Replace first paragraph with the following paragraph: 

This standard operating procedure (SOP) describes requirements for administrative documentation of 
new monitoring wells (and piezometers) and field procedures that will be used for installing monitoring 
wells and piezometers (open-pipe) at Rocky Flats Plant (RFP). This SOP contains the forms for 
documentation and describes the equipment for drilling, field procedures, well material specifications, 
and decontamination procedures that will be used to install monitoring wells and open-pipe piezometers 
in order to attain acceptable standards of accuracy, precision, comparability, representativeness, and 
completeness. 

Add the following reference: 

Revised and . h e n d e d  Rules and Regulations of the Board of Examiners of Water Well Construction and 
Pump Installation Contractors, 2CCR 402-2. State of Colorado, Office of the State Engineer, Denver, 
Colorado, Revised Effective August I ,  1988. 

&cation. U O I .  PI. &.) 
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I I .  Pmpoecd Modificatioas 

Add the following references: 

0 SOP F0.14,  Field Data Management 

0 SOP GT.24, Approval ‘Process for Construction Activities on or Near Individual Hazardous 
Substance Sites (IHSSs) 

Insert the following new Sections 5.0 and 5.1, and consecutively renumber the old Sections 5.0 and 6.0 
to 6.0 and 7.0,  respectively . 

5.0 riDMlMSTRATIVE DOCUMENTATION PRECEDING WELL INSTALLATION 

The Well Installation Notification (WIN), Form GT.6B is to be completed to ensure that new well 
administrative controls are met by the inclusion of requestor information, installation methods, purpose, 
initial well permit data, environmental protection measures, and additional information. 

The requestor should supply information necessary for the Environmental Science and Engineering, 
Geosciences Division to prepare and file applicable well pzrmits required by the state of Colorado. The 
information will be used in applying for the: 1) Notice of Intent to Construct: well owner’s notice to 
drill a well. (This must be submitted to the Division of Water Resources thret: days prior to invasive 
activities.); and, 2)  Pennit to Construct a Well: application form issued and approved by Division of 
Water Resources permitting construction for purposes such as groundwater monitoring, production, or 
recovery. (Additional permits are required for the installation of a pump). An approved soil disturbance 
permit is also required by €UT Construction Management. These pre-drilling administrative procedures 
will be coordinated through the Geosciences Division. 

5.1 INSTRUCTIONS FOR ADMINISTRATIVE DOCLMENTATION 

After Work Plan approval, administrative tracking for new wells (and piezometers) requires the 
following steps be implemented as an essential part of the planning stage prior to well installation. 
These procedures are for the purpose of assigning location codes (well numbers), initiating well 
Zonstruction permits required by the Division of Water Resources, and acquiring soil disturbance 
permits. 

5.1.1 Submit one Well Installation Notification 0, Form GT.6A for each new well or piezometer 
to Geosciences Division for approval. 

5.1.2 Receive approved WIN form and copy of approved Notice of Intent to Construct. 

5.1.3 Submit WIN form and apply for Soil Disturbance Permit to RFP Construction Management. 

5.1.4 Receive approved Soil Disturbance Permit. 

5.1.5 Receive notice from Geosciences Division that well permits have been approved by Division of 
Water Resources and well installation may proceed. 

icatioo. Bod. TPI. eo.) 

I .  Internal references cite additional guidance procedures used for pre-installation of wells and data management. 

1. Specific data requested is to complete information for well permitting to Office of the State Engineer and for well 
requestor to receive unique location code for well control; provides well requestor with procedural instructions applicable to 
well permit acquisition. 
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5.1.6 Following well installation, submit copies of Groundwater ,Monitoring Well and Piezometer 
Report, ‘form GT.6B, Well Development form GW.2A, land survey coordinates and RFP 
Borehole Log form GT.1A to Geosciences Division as soon as possible. 

If applicable, provide Geosciences Division supplemental information for end-use requirements 
of well to obtain additional well/pump perplits. 

5.1.7 

Insert following as new 1st paragraph in front of existing 1st paragraph: 

7.0 DOCUMENTATION 

Provide the WIN form to the Geosciznces Division as instructed in 5.1.1. Submit copies of applicable 
(Sections 5.1.6, and 8.0) records related to this administrative procedure to Geosciences Division. 

Replace Form GT.6A, Groundwater Monitoring Well and Piezometer Report Form with Form GT.6B. 

Add the following section to end of text, page 18. GT.6. 

8.0 ADb€JhTSTRATIVE DOCLWNTATXON 

The two forms for documenting well completion data and well installation notification for wells (and 
piezometers) follow this section. The Well Installation Notification form GT.6A is completed and 
submitted to the Geosciences Division. Field informatiod documented on the Groundwater Monitoring 
Well and Piezometer Report form GT.6B should be entered in electronic data format as specified in SOP 
FO. 14 Field Data Management form FO. 14G. Upon completion of data entry and quality control chxk,  
Form GT.6B is delivered to the Operable Unit Project Manager. 

i. Informs well requestor of type and filing location of documents. 

i. Replaces old form with new form required for RFEDS update. 

I .  Provides well requestor/installer guidance on the filing of completed forms. 
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This standard operating procedure (SOP) describes requirements for administrative documentation 

of new monitoring wells (and piezometers) and field procedures that will be used for installing 

monitoring wells and piezometers (open-pipe) at the Rocky Flats Plant (RFP). This SOP contains 

the forms for documentation and describes the equipment for drilling, field procedures, well 

material specifications, and decontamination procedures that will be used to install monitoring wells 

and open-pipe piezometers in order to attain acceptable standards of accuracy, precision, 

comparability, representativeness, and completeness. 

3.0 PERSONNEL QUALIFICATIONS 

Personnel overseeing the installation of monitoring wells and piezometers will be geologists, 

geotechnical engineers, or field technicians with an appropriate amount of applicable field 

experience or on-the-job training under the supervision of another qualified person. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A Compendium of Superfund Field Operations Methods. EPA/540/P-S7/001. December 1987. 

Guidance for Conducting Remedial Investigations and Feasibilitv Studies Under CERCLA. Interim 

Fmal. EPA/540/G-89/004 October 1988. 

RCRA Faciiitv Investieation Guidance. Interim Find. May 1989. 

woo(1734.mi 
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RCRA Groundwater Monitoring Technical Enforcement Guidance Document. EPA, OSWER- 

9950.1, Washington D.C., September 1986. 

Revised and Amended Rules and Realations of the Board of Examiners of Water Well 

Construction and Pumr, Installation Contractors. 2CCR 502-2. State of Colorado, Office of the 

State Engineer, Denver, Colorado, Revised Effective August 1, 1985. 

INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.8, Handling of Drilling Fluids aqd Cuttings 

SOP F0.14, Field Data Management 

SOP F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors 

(nw 
SOP F0.16, Field Radiological Measurements 

SOP GT.l, Logging Alluvial and Bedrock Material 

SOP GT.2, Drilling and Sampling Using Hollow-Stern Auger Techniques 

SOP GT3, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP GT.4, Rotary Drilling and Rock Coring 

SOP GT.24, Approval Process for Construction Activities on or Near Individual 

Hazardous Substance Sites (IHSSs) 

bo3 
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5.0 

5.1 

5.1.1 

5.1.2 

AD Evl INISTRATIVE DOC Ubi ENTATI ON P REX E D ING N'E LL INSTALLATION 

The Well Installation Notification (WIN), Form GT.6A is to be completed to ensure that new well 

administrative controls are met by the inclusion of requestor information, installation methods, 

purpose, initial well permit data, environmental protection measures, and additional information. 

The requestor should supply information necessary for Environmental Science and Enveering, 

Geosciences Division to prepare and file applicable well permits required by the state of Colorado. 

The information will be used in applying for the: 1) Nolice of Intent to Construct: well owner's 

notice to drill a well. (This must be submitted to the Division of Water Resources three days prior 

to invasive activities.); and 2) Permit to Construct a Well: application form issued and approved by 

Division of Water Resources permitting construction for purposes such as groundwater monitoring, 

production, or recovery. (Additional permits are required for the installation of a pump.) An 

approved soil disturbance permit is also required by RFP Construction Management. These pre- 

drilling administrative procedures will be coordinated through the Geosciences Division. 

INSTRUCTIONS FOR ADMINISTRATIVE DOCUMENTATION 

After Work Plan approval, administrative tracking for new wells (and piezometers) requires the 

following steps be implemented as an essential part of the planning stage prior to well installation. 

These procedures are for the purpose of assigning locaiton codes (well numbers), initiating well 

construction permits required by the Division of Water Resources, and acquiring soil disturbance 

permits. 

Submit one Well Instailation Notification (WIN), Form GT.6A for each new well and piezometer 

to Geosciences Division for approval. 

Receive approved WIN form and copy of approved Notice of Intent to Construct. 
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I 6.0 

Submit WIN form and apply for Soil Disturbance Permit fo RFP Construction Management. 

Receive approved Soil Disturbance Permit. 

Receive notice from Geosciences Division that well permits have been approved by Division of 

Water Resources and well installation may proceed. 

EQUIPMENT AND PROCEDURES FOR klONITORING WELL AND PIEZOMETER 
INSTALLATI ON 

Groundwater monitoring wells and open-pipe piezometers (observation wells) will be constructed 

in boreholes drilled and logged according to SOP GT.2, Drilling and Sampling Using Hollow-Stem 

Auger Techniques, or SOP GT.?, Rotary Drilling and Rock Coring, and SOP GT.l, Logging 

Alluvial and Bedrock Material. The construction of monitoring wells is the same as that used for 

piezometers. The distinction between wells and piezometers is based on the intended use. Wells 

are used for obtaining samples of groundwater while piezometers are intended only for water level 

measurements. If different types of piezometers are required (e.g., isolated electronic or pneumatic 

piezometers), they will be addressed in another SOP or in a project-specific work plan. AU drilling I 

I 
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and sampling equipment and materials will be protected from the ground surface with clear plastic 

sheeting or will be placed on clean drill racks. 

Personnel installing monitoring wells need to be cognizant of the many factors influencing the 

screened intervals selected for wells. For example, water table wells should have screens of 

suEficient length at the appropriate depth to monitor the water table. Wells with slow recharge 

should have sufficient screen area to allow adequate sample volume. However, long screened 

intervals should generally be avoided since they are of limited value for characterizing discrete zones 

of contamination. 

Selection of well screen intervals may also depend on the suspected presence of light or dense 

immiscible layers of contaminants floating on the water table or residing at the bottom of a 

hydrostratigraphic unit (HSU). Screened intervals across different HSUs should generally be 

avoided particularly where there is a potential for cross-contamination between HSUs to occur. 

These factors must be addressed during project planning, and the Field Sampling Plan (FSP) will 

normally provide rationale for the planned sampling. Personnel installing monitoring wells should 

be familiar with the FSP and the rationale used in determining well screen intervals. 

EQUIPMENT AND MATERIALS 

The following is a' List of equipment and well materiais for well installation: 

e Drill rig with appropriately-sized drill bits, augers, and/or rods 

0 High pressure steamer/sprayer 

0 Long-handled bristle brushes 

0 Wash/rinse tubs 

0 Sand bailer 
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a 

a Weighted tape measure 

Phosphate-free, lab-grade detergent (e.g., Liquinox) 

0 Water level probe 

a Distilled water 

a 

a 

a Field book 

a Location map 

a Boring log form 

Drums for containment of cuttings 

Appropriate health and safety equipment 

0 Groundwater observation well report 

4 I 6 2  DRILLING PROCEDURES 
5' 
CY 

Boreholes for wells will be drilled by using a drill rig and drilling method capable of completing the 

well to the depth specified in the FSP. All drilling equipment, including the drill rig, water tanks, 

and all downhole equipment will be decontaminated according to SOP F0.3, General Equipment 

Decontamination and SOP F0.4, Heavy Equipment Decontamination. Downhole equipment will 

be decontaminated between boreholes, and other equipment such as the drill rig will be 

decontaminated between different work areas. 

Before drilling, test borings/wells will have been located, numbered, and identifed by using stakes 

or paint sticks on paved surfaces. Drilling locations will be cleared for buried metal objects and 

utility interference according to SOP GT.lO, Borehole Clearing. Boreholes will be advanced from 

the ground surface to a predetermined target depth given in the FSP. Boreholes drilled for wells 

will be logged stratigraphically by examination of the sample cuttings or core samples according to 

SOP GT.l, Logging Alluvial and Bedrock Material. 
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If hollow-stem augers are used for alluvial wells, the boreholes will be augured as little as possible 

into claystone bedrock (approximately one foot or less), since the claystone bedrock cuttings may I 
tend to be smeared along the side of the borehole in the alluvium. Therefore, after the augers have 

been advanced to the bedrock contact, an appropriately-sized drive sampler will be driven 2 feet into 

the claystone bedrock to provide a pilot hole, no more than 1 inch greater than the outside diameter 

(O.D.) of the casing, for a 2-foot deep sediment sump. Where claystone smearing is not a problem, 

auger 2 feet into bedrock to provide a pilot hole for a 2-foot deep sediment sump. The sediment 

sump will be a 2-foot-long piece of blank casing installed immedintely~beneath the screen in a.U 

wells. 

If a center bit is used instead of a continuous hollow-stem core sampler, a drive sample may be 

taken after the interval is drilled to ascertain if the alluvial/bedrock contact has been reached. 

After a maximum of a 1-foot drive sample, coring will resume if indicated. During the drilling 

process, the center bit will be removed slowly to prevent sand from entering (blowing into) the 

bottom auger. In the event of sand blow-in, RFP potable water may be added to the inside of the 

augers to equalize the hydrostatic pressure of the formation water. A record of the intervals drilled 

using a center bit and/or the amount of water placed in the well will be noted on the applicable log 

sheets. The amount of water placed in the well (if applicable) will be recorded so that it can be 

taken into account during well development. 

The inside diameter (I.D,) of the augers will be approximately 4 inches or more larger than the 

O.D. of the casing, resulting in a 2-inch annulus around the casing. Similarly, a 2-inch annulus will 

’ be provided around well screens and wings  when wells are constructed in open portions of 

boreholes. In open-hole installation (wells constructed in uncased boreholes), the use of stainless 

steel casing centralizers will be required to ensure the 2-inch annulus is maintained. Centralizers 

should be provided above and below the well screen, but not within the bentonite seal. Depending 

on the well depth and diameter, centralizers may also be required at intervals along the riser to 

provide a 2-inch grout annulus. When hollow-stem augers are used, centralizers will only be 
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I required if the auger flights are not a sufficient size to ensure a 2-inch minimum annulus dimension 

06 all sides of the screen. 

During the drilling operation, the cuttings and formation water from the boring will be placed in 

environmental materials drums if required (see SOP F0.8, Handling of Drilling Fluids and 

Cuttings) . 

Single-cased wells 4 1  be used in the alluvial/unconfined aquifer. Double casing may be required 

for bedrock wells installed in areas of potentially contaminated alluvial groundwater. If required, 

surface casing will be installed through the alluvium according to SOP GT3,  Isolating Bedrock from 

the Alluvium with Grouted Surface Casing. 

Boreholes for alluvial and bedrock wells will be drilled according to SOP GT.2, Drilling and 

Sampling Using Hollow-Stem Auger Techniques or SOP, GT.4, Rotary Drilling and Rock Coring. 

WELL MATERIALS AND INSTALLATION PROCEDURES 

Materials 

Well Casings 

Well casings will consist of new, threaded, flush-joint schedule 40 or schedule 80 poly-vinyl chloride 

(PVC) unless another type of casing (e.g., stainless steel) is required by the FSP or project-specific 

work plan. The well casing will extend from the top of the well screen to approximately 2 feet above 

ground surface. The tops of all well casings will be fitted with slip-on or threaded PVC caps which 

can be easily removed by hand. All joints within the casing string will be threaded. Heat-welded 

joints, solvents, and/or gaskets will not be used. According to the manufacturer’s recommendations, 

0-Mgs will be used between joints or Polytetra fluoroethylene (PTFE) tape will be wrapped around 
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the joint threads to improve the seal. AU well casings will be free of foreign material and will be 

steam cleaned with approved water before use. Steam-cleaned casings will be stored in plastic 

sleeves prior to use. Casing with stamped or stenciled nomenclature will not be used. 
a 

dr 
6 11- I 6 3 . 1 2  Well Screens 
r 

Well screens will consist of new threaded PVC pipe (unless another material [e.g., stainless steel] 

is required by the FSP or a project-specific work plan) with 0.010-inch factory-machined slots or I 
wrapped screen. AU well screens will have an I.D. equal to or greater than that of the well casing. 

The wall thickness of PVC screen will be the same as that of the well casing. A 2-foot deep 

sediment sump will be used beneath the screen. A threaded cap  or a slip-on cap secured With 

stainless steel screws will be provided at the bottom of the sump. Well screen with stamped or 

stenciled nomenclature w i l l s  be used. - 
0 

\ 
dc I 6 3 . 1 3  Filter Pack 

P + u- 

E 

The filter pack material will be chemically inert, rounded, silica sand of appropriate size for the well 

screen and host environment. Grain size analyses of the unconsolidated formations underlying the 

site have indicated a 16-40 gradation is appropriate, and it will be used on the site unless the FSP 
or project-specific work plan indicates otherwise. The filter pack will extend approximately 2 feet 

above the top of the screen unless otherwise specified. Where the thickness of the alluvium is 

insufficienl the top of the filter pack may extend 6 inches above the top of the screen. The frnal 

depth to the top of the filter pack will be measured directly by using a weighted tape measure and 

- not by using volumetric calculation methods. The volume placed wil l  be recorded. 
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Bentonite Seal 

A bentonite seal will be installed above the filter pack. The seal will consist of a layer of 

commercially available bentonite pellets that is at least 3 feet thick when measured immediately 

after placement, without allowance for swelling. 

Bentonite Grout 

The annular space between the well casing and the borehole will be grouted from the top of the 

bentonite seal to ground surface. The grout will consist of high-solids reduced pH bentonite grout 

(American Colloid Pure Gold or approved equivalent) mixed in a powered mechanical grout mixer 

according to the grout manufacturer's recommendations. The grout may be mixed by hand for 

intervals less than 5 feet thick. The grout will contain at least 30 percent solids by weight and have 

a minimum density of 9.9 pounds per gallon after mixing. The density will be checked with a mud 

balance. 

I 

Grout will be placed outside of the monitoring well casing using a side-discharge tremie pipe located 

just above the top of the bentonite seal. The grout will be pumped through the pipe until undiluted 

grout flows from the annular space at the ground surface. The tremie pipe will then be removed 

and more grout added to compensate for settling. After 24 hours, the site will be checked for grout 

settlement and more grout added to fill any depressions. The total volume placed will be recorded. 

When excessive grout loss into landfilled materials occurs, grouting will be stopped and bentonite 

chips or pellets will be added to the annular space to seal off the area losing grout. A minimum 

of two feet of pellets or chips will be added, then grouting will resume as above. If grout loss 

continues or if grout is again lost further uphole, grouting will again be stopped and additional 

bentonite pellets or chips will be added until grout loss is stopped. 



MONITORING WELL AND PIEZOMETER INSTALLATION 

E 
9 

* + 

EG&G ROCKY FLATS PLANT !Manual: 
EMD MANUAL OPERATION SOP Procedure No.: 

Page: 
Effective Date: 

Category 2 Organization: - 

632 Installation Procedures 

634.1 Alluvial Piezometer and Monitoring Well Installation 

5-21000-OPS 
GT.6, Rev. 2 

10 of 18 
06/01/94 

Environmental Management 

Figure GT.6-1 shows a schematic diagram of the lower portion of an alluvial well completion. 

Monitoring well installation will begin after formation water and fine grained sediment have been 

bailed using a sand bailer until the water is relatively clear and free of sediments. If granular SO& 

do not blow into the bottom auger, raising the augers 1 to 2 feet above the bottom of the hole a n  

help with the removal of muddy water from outside of the augers. This will not work if the hole 

bottom caves or blows in. e 
The borehole depth and the well assembly will be measured to the nearest 0.1 foot. The portion I 
of the well casing cut off at the top will be measured and subtracted from the total length supplied 

to determine the total well assembly length. Before placing the well assembly into the borehole, 

a n y  void spece between the bottom of the borehole and the bottom of the sediment sump will be 

bacHied with commercially available bentonite pellets. 

Once the well assembly is in place, the filter pack &ll be added slowly to the zone below the water 

level in the borehole by tremie pipe. If filter pack material is placed in wells above the water level 

in the borehole, a tremie pipe will not be required inside of hoUow-stem augers. A tremieopipe will 

be required for all fdter placement in open hole completions. The filter pack will be added in 1- 

to 2-foot increments. Similarly, the augers will be raised in 1- to 2-foot increments so that the sand 

level is always at or slightly above the bottom of the augers. Depth measurements of the top of the 

filter material will be taken continuously in the well annulus as the fdter is placed. The final depth 

to the top of the Fdter pack will be approximately 2 feet, but in no case less than 6 inches, above 

the top of the well screen. The top of the Fdter pack will be directly measured by a weighted tape 

measure. The weight on the tape measure will be stainless steel in the event that it accidentally 

becomes embedded in the filter pack. If bridging of the fiter material occurs in the well annulus 



I FIGURE GT.6-1 
SCHEMATIC DIAGRAM OF ALLUVIAL MONITORING WELL COMPLETIOPI 

NOTE: This figure illustrates guidelines 
for alluvial wells to show 
maximum bedrock penetration. 
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or tremie pipe during placement, the bridged material will be broken loose mechanically by shaking 

the augers and/or well assembly. Bridged material in the annulus may also be broken loose by 

probing with a 1-inch-diameter tremie pipe. If both of these methods are unsuccessful, distilled 

water may be pumped through the 1-inch tremie pipe to dislodge the bridged material. A record 

of the amount of water placed in the well will be kept so that it can be taken into account during 

well development. The volume of filter material placed will also be recorded. 

A minimum 2-foot bentonite pellet seal (before swelling) will be installed immediately above the I 
frlter pack. If the bentonite pellet seal will be placed below the water table, it will be installed 

through a tremie pipe. The bentonite pellets will be added slowly to reduce the chances for 

bridging of the pellets inside the tremie. The augers will be raised approximately 1 foot above the 

filter pack prior to adding the bentonite pellets. The top of the bentonite seal should never be 

above the base of the augers. If the bentonite seal is placed above the water level in the borehole, 

the pellets may be allowed to free-fall into the borehole if hollow-stem augers are being used. The 

bentonite will be hydrated using 5 gallons of distilled water after the base of the augers are raised 

approximately 1 foot above the top of the bentonite sed. The completed bentonite s ed  will be 

allowed to hydrate for approximately 30 minutes before proceeding with the grouting operation. 

Bentonite grout backfill will be placed from the top of the bentonite seal to the ground surface. 

The grout mixture will conform to the specifications outlined in Subsection 5.3.1.5, Bentonite Grout. 

The grout will be tremied into the well annulus using a side-discharge tremie until it is completely 

full. The volume of grout placed will be recorded. The well casing will be checked for plumb by 

use of a weighted tape measure lowered from the center of the casing. If the tape measure touches 

the side of the w i n g  prior to reaching the bottom, the casing will be shifted as much as possible 

to a vertical alignment and held in place while the grout sets up and hardens. After settlement of 

the bentonite grout has been allowed for 24 to 72 hours, the protective steel casing will be I 
embedded in cement-bentonite grout or nonshrink concrete. The cement-containing grout will 

occupy the upper 1 1/2 to 3 feet of the well annulus to anchor the protective casing. This may 

I I 1 
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require removing some of the bentonite grout from the upper 1 1/2 to 3 feet of the well annulus. 

If the upper grout surface is dehydrated, it will either be removed or rehydrated by adding water 

and waiting approximately 30 minutes. When alluvial wells are installed in areas with minimal 

alluvial thicknesses and the bentonite seal is within 1.5 to 3 feet of the surface, no bentonite grout 

is needed, and the protective steel casinz can be embedded in the required cement-bentonite grout. 

Bedrock Piezometer and Monitoring Well Installation 

Figure GT.6-2 shows a schematic diagram of the lower portion of a bedrock well completion. 

Bedrock piezometers and monitoring well installations will be similar to the alluvial well installation 

procedures except that a surface w i n g  may be provided through the alluvium to guard against 

potential cross-contamination of bedrock aquifers by contaminated alluvial groundwater. If 

required, the surface casing will exend from the ground surface to at least 3 feet below the 

alluvial/bedrock contact. This casing will be installed according to SOP GT.3, Isolating Bedrock 

from the Alluvium with Grouted Surface Casing. 

If rotary drilling methods (see SOP GT.4, Rotary Drilling and Rock Coring) are required, the 

installation procedures will be similar except that the well may be completed in an open hole instead 

of inside of hollow-stem augers. The well string wil l be suspended approximately 2 inches above 

the bottom of the borehole prior to installing the fdter pack. This will reduce bending of the well 

assembly and minimize the potential for collapse of the casing due to the weight of fluid in the 

annulus. Stainless steel centralizers will be placed at 20-foot-maximum spacing for wells completed 

in open holes. 

Where wells cannot be completed in an open hole because of stability or' other problems and/or 

the well cannot be completed within augers, the well may be installed through casing. This casing 

will be a diameter sufficient to provide a 2" annulus around the well casing and will consist of PVC 

or stainless steel. The casing will be advanced to the selected depth either using no additional fluids 
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or by circulating RFP potable water down through the casing. After reaching the selected depth, 

a sand bailer will be used to remove any accumulated fluids until the borehole is bailed clear or 

until fluids are relatively clear and free of sediment. The well assembly will then be advanced 

through the w i n g  to the designated depth and the annulus between the casing and the well 

assembly will be used to tremie well materials. The well will be installed as per the alluvial wells 

installed through augers except that the w i n g  will be used instead of augers. 

Well Features at Ground Surface 

Figure GT.6-3 shows a schematic diagram of well features at the ground surface. A 5-foot-long 

protective steel casing with a hinged and locking steel cap will be installed over the monitoring well 

riser that projects above the ground surface between 23 and 72 hours after initial grout placement, 

except when temperatures are below freezing. A shorter length protective steel casing (no less than 

3-foot long) may be used when shallow sc rees  are required. The protective w i n g  will have a 

minimum 8-inch I.D. for 4-inch wells and a minimum 6-inch 1.D. for 2-inch wells. The well 

designation will be welded on the protective casing. The bottom of the protective casing will be I 
embedded 2 to 3 feet below the ground surface in concrete or cement grout. Prior to installing the 

protective casing, the well will be checked for alignment by lowering a 5-foot long, 1 1/2-inch 

diameter bailer down the entire depth of the well. If the bailer hangs up, the EG&G project 

manager will decide whether or not the well needs to be reconstructed. 

In l a n a i  areas, both the inner casing and outer protective casing shall be extended by means of 

attaching blank casing (also known as a riser) such that the top of the outer protective casing shall 

be about three feet above the new ground level. The top of the riser shall have threads to allow 

for subsequent additions of new blank casing as landfill operations cause the ground level elevation 

to rise (see schematic diagram GT.6-4 of riser construction). 
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The annuIus between the well riser and the steel protective casing will be fded with noashrink 

cement grout or concrete to a minimum of 12 inches above the ground surface, and a 1/4-inch- 

diameter hole will be drilled in the protective casing just above the grout or concrete surface to 

allow drainage. 

At the same time the protective steel casing is grouted or concreted in place, an external concrete 

collar approximately 3-foot square will be placed around the protective casing at the ground surface. 

The well designation wil l  be inscribed in the concrete before it sets. The collar will be graded to 

slope away from the casing in all directions. The concrete collar will be 5.5 inches thick or greater. 

When daytime temperatures are consistently below freezing, it is not feasible to excavate the upper 

most 1 1/2 to 3 feet of grout in order to install the surface well features since the grout is often 

frozen and difficult to remove. In addition, poured concrete may freeze before it cures causing 

cracking and necessitating replacement to ensure a surface seal. In these instances, the PVC well 

riser will be securely capped until warmer weather allows the setting of surface features. Wells 

installed during freezing weather will not be permitted to stand without surface features for more 

than two months. 
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6.3 WELL POINT INSTALLATION 

This Section describes the procedures used for installing well points. Before installation, sites will 

be located, numbered, and identified using stakes (or paint sticks on paved surfaces). Refer to SOP 

GT.lO, Borehole Clearing, for more information regarding clearing the sites of underground 

obstructions. 

After test sites have been located and cleared, an exclusion zone will be established according to 

the project Health and Safety Plan. The procedure for installing well points at a specific location 

is as follows: 

1. 

Decontamination for specific details regarding decontamination. 

Decontaminate the rig and downhole equipment. See SOP FO.3, General Equipment 

2. Set up the rig to obtain a thrust direction as close to vertical as possible. 

3. 

desired depth. 

Advance threaded expendable point by either hydraulically pushing or hammering to 

4. At locations within an IHSS, monitor the breathing zone near the rig for volatile organic 

compounds. 

5. Insert the end of the hand-perforated tubing (Polyethylene or Teflon) with a threaded stud 

attached into the probe rods. Thread this into the expendable drive point. Length of perforated 

tubing will range between one and five feet based upon magnitude of anticipated water level 

fluctuations. 

6. Hydraulically withdraw probe rods from hole. 
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7. Place 10/20 silica sand filter pack to approximately six inches above the top of the screen 

while keeping tension on the tubing. Place at least six inches of granular bentonite seal above filter 

pack. 

8. 

well-point surface casing. Protective casing will be nearly flush with the ground surface. 

Install four-inch long, one-inch diameter PVC casing with threaded or slip cap as protective 

7.0 

9. 

marker and traffic barrier. Post should be installed such that three feet are above ground. 

Install four-foot tong, three-inch diameter steel post adjacent to protective casing to act as 

10. Develop well point with peristaltic or inertia pump. Since these weU points are only for 

measuring water levels, it is not necessary to measure all the parameters referenced in SOP GW.4, 

Well Development. 

11. 

GT.17, Land Surveying, for more information regarding site surveying procedures. 

Survey top protection k i n g  because well-point tubing is too flexible. Refer to SOP 

DOCUMENTATION 

Provide the WIN form to the Geosciences Division as instructed in 5.1.1. Submit copies of 

applicable (Sections 5.1.6 and 8.0) records related to this administrative procedure to Geosciences 

Division. 

The installation of monitoring wells and piezometers will be documented on groundwater 

monitoring well and piezometer report forms. Drilling information will be documented on the 

Rocky Flats Plant Borehole Log form (Form GT.lA) and on the Hollow-Stem Auger Drilling form 

(Form GT.W), or on the Rotary/Core Drilling form (Form GT.4A). Besides the drilling and 
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borehole idormation required by these other SOPS, the following documentation will be recorded 

on the Groundwater Monitoring Well and Piezometer Report Form (Form GT.6A). Location I 
references will use the State Plane Coordinate System and elevations will be in feet above mean sea 

level (USGS datum). All depth and height measurements will be from ground surface. 
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0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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0 

0 

0 

Elevation of ground surface 

Height of top of protective casing 

Height of top of well casing 

Depth of protective casing 

Type and size of protective casing 

Depth of surface seal 

Type of surface seal 

Type and size of well casing 

Type/volume of backfill 

Depth of top of seal 

Type of seal 

Depth of top of filter pack/bottom of sed  

Type/volume of filter pack 

Depth of top of screened section 

Type and size of screened section 

Size of screen openings 

Depth of bottom of screened section 

Depth of bottom of filter pack 

Length of plugged blank section (sump) below screen 

Depth of bottom of plugged blank section (sump) 

Type of backfill below filter pack 

Diameter of borehole 

Depth of borehole 

93MoM.001 
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e Type and depths of centralizers if used 

Generalized stratigraphy and water level summary (based on rig geologist notes) e 

8.0 ADMINISTIUTTVE DOCUMENTATION 

The two forms for documenting well completion data and well installation notification for wells (and 

piezometers) follow the section. The Well Installation Notification Form GT.6A is completed and 

submitted to the Geosciences Division. Field information documented on the Groundwater 

Monitoring Well and Piezometer Report Form GT.6B should be entered in electronic data format 

as specified in SOP F0.14, Field Data Management Form F0.14G. Upon completion of data entry 

and quality control check, Form GT.6B is delivered to the Operable Unit Project Manager. 
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Requestor (PersodOrganization) 

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT Form GT.6A (Rev 0) 

Phone Number Pager ID 

Well Installation Notification Form 

Purpose of Well 

Project Name 

Driller 

License Number 

Location Code (Well Number) (Geosciences Use Only) 

Expected Date of Well Completion Projected Life of Well 

[7 c 1 Year 0 > 1 Year 

Future Uses 

(Show on Back) Approximate State Plane Coordinates Northing, Easting 

Well Diameter (inches) (I.D.) Casing Type 

Annular Seal Type and Interval Estimated Total Depth 

Screened Interval 

to tt. 
Pump Installation 

0 N/A 0TypeM.P.  

Reviewer Signature Date 

Requestor Signature Date Page 



The Location of the Proposed Well 

Use the CENTER SECTION (1 section, 640 acres) for the well location. 
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Groundwater Monitoring Well and Piezometer Report ORR 3 J 3 W  

I CHECKED BY: DATE: 

LOCATION CODE: PROJECT M E :  pAoGR4M. 

DRILLING METHOD DATE DRILLED DATE COMPLETED 
RIG GEOLOGIST. LOGGING GEOLOGIST. 
COMPLRED DEPTH (FT): 
BOREHOLE DIAMETER IN SCREENED INTERVAL (IN). 

QUANTITY OF FLUIDS LOST INITIAL WATER LEVEL (m. DATE MEASURED: 

COMPLETED WATER LEVEL (m- DATE MEASURED: DURING DRILLING (GAL): 

PROTECTIVE CASING, TOP (m: 
SURFACE CASING (STICKUP), TOP (m: 

0 SCREENEDFORMATION: DRILLING COKTRACTOR. 

ESTIMATED DEFTH TO BEDROCK (m 

- - - - - - (FROM GROUND SURFACE) 

SURFACE CASING, I D. (IN): 

SURFACE SEAL TOP (m. TYPE 

PROTECTIVE CASING, I D (IN). 

TYPE 

TYPE 

PROTECTIVE CASING, BOTTOM (FT): 

SECONDARY CASING, TOP (m: BOlTOM (m 
TYPE 

APWCABLE 
SECONDARY CASING, I D. (IN): 

CENTRALIZER, 0.D (IN): TOP (FQ. BOTTOM (m. 
GROUT SEAL TOP (me m 
BENTONITE SEAL TOP (FT) TYPE 

, 
BENTONITE SEAL BOlTOM (m’ 
FILTER PACK, TOP (IT): 

flLTER PACK TYPE: BRAND: 

SURFACE CASING, BOrrOM (m: 
SCREEN SLOT SIZE (.OOO IN): 

SCREEN, TOP (FT): 

SCREEN, I.D. (IN): 

SCREEN, BOTTOM (m: TYPE BRAND 

TYPE 

FILTER PACK, BOTTOM (FT): 

BACKFILL, TOP (m: TYPE 

BACKFILL, BOTTOM (Fll: 

SUMP, BOTTOM (m: MU. BE MADE FROM 
GROUND SURFACE 

- - - COMPLREDBY: DATE. 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes equipment, decontamination, and procedures 

that will be used for field data collection and documentation during logging and sampling of test 

pits; trenches, and construction excavations in order to attain acceptable standards of accuracy, I 
precision, comparability, representativeness, and completeness. 

Open excavations, long and narrow if a trench, or rectangular if a pit, may be used for shallow 

geological and environmental subsurface investigations and/or sampling purposes. Trenches or pits 

will be excavated manually or with a machine such as a backhoe, clamshell, trencher excavator, or 

bulldozer. Samples may be obtained using a variety of sampling equipment that will be specified 

in the project-specific work plan. 

Occasionally, construction activities expose portions of the subsurface and open up windows of 

opportunity to collect geologic data. While the collection of geologic data may not be the primary 

function of these activities, it may be possible, by working with construction personnel, to collect 

sigmfkant amounts of geologic data. This SOP will also provide guidance for data collection in this 

situation. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Personnel logging and sampling test pits, trenches, and construction excavations will be geologists, I 
geotechnical engineers, or field technicians with an appropriate amount of applicable field 

experience or on-the-job training under the supervision of another qualified person. 

(401 l ~ ) ( c n a E v 2 ) ( 0 3 / 0 2 / 9 2 )  
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A Compendium of Superfund Field Operations Methods. EPA/540/P-87/001. December 1987. 

Soil Samole Collection--Surface. Colorado Department of Health Radiation Counting Facility, 

Operating Procedure. July 1, 1989. 

Klute, A., Ed. “Methods of Soil Analysis, Part 1, Agronomy 9”. Soil Science Society of America, 

1986. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F03, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F O X ,  Containerization, Preserving, Handling, and Shipping of Soil and 

0 

0 

Water Samples 

. . . . . . . . . . . 

0 SOP GT.l, Logging Alluvial and Bedrock Material 

SOP GT.8, Surface Soil Sampling 0 

0 SOP GT.lO, Borehole Clearing 
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5.0 EQUIPMENT AND PROCEDURES 

5.1 MATERIALS AND EQUIPMENT 

The following is a list of equipment and materials that may be needed to perform trenching and 

trench sampling: 

Backhoe (or other appropriate excavation equipment) 

High pressure steamer/sprayer 

2- to 3-inch-diameter stainless steel, thin-walled tube (Shelby tube) samplers 

Sample jars  and labels 

Extension rods with slide hammer apparatus to drive tube samples 

Teflon. sheeting 

Plastic caps for tube samplers 

Electrical ta& 

Qmil polyethylene sheeting 

Coolers 

Ice (H,O or blue ice) 

Chain-of-custody forms 

Phosphate-free, lab-grade detergent (e.g., Liquinox) 

Tap water 

Distilled water 

Plastic buckets 

Scrub brush 

Stainless steel bowl 

Stainless steel long-handled spoon 

Stakes 

Gridded paper 

\ 
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5 2  PROCEDURES 

Tape measure 

Camera and film (photography is security controlled) 

Location map(s) 

Compass 

Personal health and safety equipment, as described in the Health and Safety Plan 

(HSP) 
Black waterproof (permanent) pens 

Clipboard and field notebook 

Logging forms 

Photolog form(s) (Form GT.7C) 

52.1 Excavation 

Prior to excavating, locations will be cleared according to SOP GT.lO, Borehole Clearance. All 
excavations that are deeper than 4 feet must be examined, and measures taken to comply with 

OSHA regulations prior to personnel entry. AU activities will be conducted in accordance with the 

Health and Safety Plan (HSP). 

For the RFP site-wide Surficial Soil Program (SSP), pit dimensions will be approximately 9 to 15 
feet long, 3 to 5 feet wide, and 4 feet deep. . 

Excavated material will be selectively stockpiled near the excavation to allow backfilling of the 

material in the general order in which it was removed. Material excavated from within an 

Individual Hazardous Substance Site (IHSS) will be stockpiled within the IHSS boundaries to avoid 

expansion of the IHSS. Depending on sampling requirements outlined in the Field Sampling Plan 

(401 l - ~ ) ( G l 7 R E v 2 ) ( 0 3 / 0 2 / 9 2 )  
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(FSP), samples may be obtained from the excavation bottom at different depths as excavation 

proceeds, or the pit may be excavated to its final depth and then sampled from the sides. 

Pits and trenches will normally be backfilled the same day as excavation, immediately after 

completion of sampling and/or logging. If pits are left open overnight, the pit and stockpile will 

be covered and barricaded for personnel safety and prevention of windblown dispersal of soils. 

522 Logging 

Classification of soils and bedrock, and logging of pits, trenches, and construction excavations will I 
be conducted in general accordance with SOP GT.l, Logging Alluvial and Bedrock Material. 

Since the descriptions are done in the field, it is not possible to accurately determine the grain size 

distribution by the means described in SOP GT.l. Field descriptions are to be done visually 

utilizing the classification schemes set forth in SOP GT.1. If required by the project-specific work 

plan, descriptions will be verified by taking samples for each described lithology and sending them 

to a geotechnical laboratory for analysis. Analyses done on the samples may include sieving, 

hydrometer analysis, moisture-density, and Atterberg limits. Samples should be taken at regular 

intervals as determined in the field sampling plan, or at changes in lithology and stratigraphy. 

In addition to the information recorded in accordance with SOP GT.l, logging is to include the 

determination of the alluvial/bedrock contact, measured thicknesses of lithologic units, bedding, 

internal structures, moisture content, location and orientation of fractures, slickensides, geomorphic, 

and structural features. Care will be taken to remove material from the sides of the excavation 

which is not in place so that accurate descriptions can be made. 

(401 1-5'3OUJS%W)(GI7REVZ)(U3/02/92) 
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Reference stakes or reference lines between stakes will be used to help measure the pit dimensions 

and stratigraphy. In small excavations, if the stratigraphy is consistent around the periphery of the 

pit or on both sides of a trench, a borehole log may be sufficient to document the conditions. 

However, if relatively complex conditions are exposed, or if the excavation is of a large scale, it is 

necessary to create a "map" of the exposed surface. This map is to be drawn to scale and will 

include all of the information required by this SOP. Locations and depths recorded on the map are 

to be measured from fured positions which have been surveyed. Depths will be measured by 

extending a tape measure vertically into the trench or excavation. In a s e s  where the walls of the 

excavation are not vertical, the depth measurements will need to be corrected to true vertical. 

Any visual signs of contamination will also be noted in the map and/or on the log. The map will 

include a plan view showing the pit orientation with a north arrow and will indicate the side(s) that 

is mapped. 

For the RFP site-wide SSP, soil profiles in the test pits will be described and logged using Soil 

Conservation Service ( S a )  protocols. These protocols will be implemented by a qualified 

professional using Appendix GT.7A. 

Sampling 

Prior to sampling, the surface to be sampled (bottom or side) wil l  be peeled with a stainless steel 

instrument to expose an undisturbed surface. Peeling will remove material possibly cross- 

contaminated during the excavation process by materials from other depths within the pit. If the 

trench or pit sides are sampled, peeling will start at the top and proceed downward and then 
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sampling will start at the bottom and progress upward. Alternatively, each sample location may be 

individually peeled immediately prior to obtaining the sample. 

After peeling, sampling will be conducted by driving stainless steel thin-walled (Shelby) tubes, or 

by using a stainless steel spoon or scoop, to remove soils from the pit and then placing them in a 

container. In general, sample containers will be consistent with those described in SOP F0.13, 
Containerization, Preserving, Handling, and Shipping of amples. However, Volatile 

Organic Analysis (VOA) samples may be obtained in stainless steel drive tubes and then 

immediately capped with Teflon@-Lined plastic caps sealed with electrical tape. 

Samples obtained for geotechnical purposes only (Le., sieve analysis, hydrometer analysis, moisture 

density, and Atterberg Limits) may not need the same rigorous specifications regarding sampling 

equipment and sample containers. All sample containers will be labeled immediately with the 

following information: 

.:. 
a E t 0 j . j { &  

a Sample number 
.... :.:.:.:.; :(. .......... ............................. 

0 Depth 

0 Analysis to be performed 

a Date 

a 

For the RFP site-wide SSP, a rectangular-shaped wooden board will be placed on the ground 

surface and the lip of the pit above the pit face to be sampled. The depth below the surface for 

sample intervals will be measured from the base of the board. 

For the RFP site-wide SSP, soil samples will be collected for each sampling interval from the 

bottom of the pit face to the top. Soil material will be collected from each interval by exposing 
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fresh material in the form of a horizontal cavity and taking sample material from within the cavity. 

An exception to the bottom-to-the-top sampling sequence will be made for near-surface intervals 

when the soil materials are too loose to permit discrete sampling. To sample these near-surface 

intervals, the sampler will start at the ground surface and use a knife and spatula to cut a 

rectangular area that is approximately 25 cm away from the plane the pit face, ul cm parallel to the 

plane of the pit face, and 3 cm down into the pit. The soil material will be carefully removed from 

this rectangular area and retained as the sampled material. Sampling of loose materials will 

continue in this fashion down the pit face to the interval above the last discretely sampled interval. 

' 

In general, soil samples will be sampled for the following physical and chemical parameters: 

0 Physical parameters 

Bulk density 

Particle size distribution 

Specific surface 

Clay mineralogy 

These parameters will be analyzed according to the applicable chapters of "Methods of Soil 
Analysis, Part 1" (1986). Clay mineralogy will be analyzed using the applicable chapters in "Minerals 

in Soil Environments", 2nd Ed., Soil Science Society of America, 1989. 

0 Chemical parameters 

PH 
Specific conductance 

Organic matter 

Calcium carbonate content 

Exchangeable cations 

- .  Cation exchange capacity. 

(401 l a C K m s 4 3 0 ) ( ~ 2 ) ( 0 3 / 0 2 / 9 2 )  
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Sesquioxide content 

Organic C determination will be determined by the Walkley-Black Procedure taken from the 

"Methods of Soil Analysis" (1982) on pages 570-571 (see Appendix GT.7B). Pretreatment for the 

removal of inorganic C in calcareous soils is outlined in the "Methods of Soil Analysis" (1982) on 

pages 561-563 (see Appendix GT.7C). Calcium carbonate content will be determined by the 

Manometric Method taken from the "Method of Soil Analysis" (1982) on pages 182-187 (see 

Appendix GT.7D). Soil pH and electrical conductivity will be determined by using a saturated paste 

technique taken from the "Methods of Soil Analysis" (1982) on pages 168-172 (see Append= 

GT.7E). Exchangeable cations will be determined by the method described in "Methods of Soil 

Analysis" (1982) on pages 159-164. Cation exchange capacity will be determined by the method 

described in "Methods of Soil Analysis" (1982) on pages 149-157. Sesquioxides will be determined 

by the methods described in "Methods of Soil Analysis" (1986) on pages 101-142. 

I 

After a sample has been collected, the soil layers beneath the sampled layer will be scraped to 

expose a fresh face to prevent possible cross-contamination from falling soil material of the upper 

layer. 

53.4 Trench Backlilling and Site Restoration 

After completion of sampling and logging, the original soils will be replaced in the pit or trench at 

their orighal depths to the extent practical so that the soil from the bottom of the trench will be 

placed on the bottom and the topsoil will be replaced on the top. This can generally be 

accomplished by replacing the excavated material in layers of less than 8 inches on uncompacted 

thickness and making several passes over the soil lift with compaction equipment designed to 

compact soil. Backfill in outlying areas need not be compacted beyond tamping with a backhoe 

bucket. Au excavation will be restored to near original line, grade, and aesthetics. 

(401 19%WS930)(Gl7REV2)(U3/02/92) 
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Surveying 

Pit locations will be surveyed either before or after excavation. Surveying will involve obtaining 

horizontal coordinates of a stake near the center of the pit and an elevation of the ground surface 

at the stake. Required accuracies will be given in the FSP. 

DECONTAMINATION 

Excavation equipment will be decontaminated prior to excavahg each trench or pit and at the 

conclusion of the operation. Sampling and peeling equipment will be decontaminated prior to 

collecting each sample. Care should be taken to inspect and monitor all excavation equipment, 

especially the backhoe, to ensure that no hydraulic and/or fuel leaks add contaminants to the site. 

Spec& decontamination procedures are described in SOP F 0 3 ,  General Equipment 

Decontamination and SOP F0.4, Heavy Equipment Decontamination.. 

DOCUMENTATION 

AU information required by this SOP will be documented on the Borehole Log Form (Form 

Form (Form G T . 7 A ) l  
. .  w=-w.* 

T h e  o m  will be filled 

out for each day of excavation at a given location, and, in situations where more than one pit or 

trench is excavated and completed per day, at least one form will be completed per pit or trench. 

The Borehole Log Form will include information on subsurface material classification and lithology. 

. .  
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$At least one color photograph will be taken of each trench or . .  

pit, and multiple photographs will be obtained if conditions vary across the pit or trench, or if the 

excavation is of a large scale. Care will be taken to include survey 

markers, depth markers, and scales to orient the photograph. All photographs taken at the RFP 
must conform to plant security controls. S 
+A Visual scale and color reference 

chart will be included in all photographs. 

e will include the following 

information and have space for comments and documentation of general observations: 

e Date 
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Purpose. 
the SCS Directive8 Syrtem and to irrue Chapter 4 and a Contents page 
and tabulation rheet for the Manual. 

Effective Date. This directive is effective when received. 

To ertablirh the Soil Survey Manual as a separate directive in 

Back round. Chapter8 3 ,  5, 7,. and 10,of the Soil Survey Manual + Agriculture Handbook 18) were distributed a8 National Soils Bondbook 
Notices 55, 59, 60, and 63. Recipieute were inrtructed to file 
chapters of the manual in a 3-ring binder reparate from the National 
Soils Handbook. 
used to isrue chapter8 of the Soil Survey Manual. Future chapters will 
be sent out by tranrmittalr much a8 thir one. 
included m the SCS Directive8 Syrtem until.it ir ready to be irrued a8 
a hardbound publication. 

Information contained in Chapter 4 replaces the corresponding information 
in the Augurt 1951 edition of the "Xanual" and the Hay 1962 "Supplement 
to the Manual." Themanual rhould not be rupplcmented with state or 
TSC directive8 . 

National Soil8 Handbook Notice8 d l 1  no longer b;e 

Thin manual will be 

b 

Chatges from past convention include the following: 

1. Certain horizon derignationr have been changed or definition6 
modified in order to Conform a8 clortly a8 po88ibk to other ~yrtems 
which are comaonly referenced internationally. 

2. 
the rater mearured in the field for the rerpectivt clar~cr. 

3. A rection on "Soil-Water Rclationi" ir added in which definitions 
of three roillrater rtater are included. Dercriptionr of the rail-water 
rtater of 8 roil provide importmt information on which to bare both 
farm and nonfarm interpretationr. 
but their defintionr are modified BO the clarr limit# can be ret locally 
to meet rtatt or multirtate needr. 
from how roil drainage clarrer were applied by mort BtattB in the part. 

Hydraulic conductivity clarrer are lowered to more accurately reflect 

Soil drainage clarre~ are retained, 
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Chapter 1 . 

S o i l  and S o i l  Survey 

When s o i l  surpey began i n  the  United S t a t e s  i n  1899, an organized 
science of s o i l  did not ex i s t .  This is not  t o  say t h a t  nothing was known 
about s o i l s .  Indeed, farmers had learned a grea t  dea l  through experience 
over t he  centur ies ,  and much of t h e i r  knowledge had been brought together  i n  
seve ra l  compilations. Some, including L. J. lf. Columella's t r e a t i s e  on 
husbandry, had been published as e a r l y  as anc ien t  Roman times. 
r ise of ag r i cu l tu ra l  chemistry during t h e  n ine teenth  century,  much t h a t  vas 
use fu l  vas learned about t h e  r o i l .  
n ineteenth century tha t  the howledge about so i l s  gained from farming, from 
a g r i c u l t u r a l  chemistry, from biology, and from geology vas coordinated. It 
could not  be coordinated v i thou t  some uni fy ing  concept of the s o i l  i t s e l f .  

With the  

Y e t  i t  vas no t  u n t i l  nea r  t h e  end of t h e  

c 

Early Concepts 

The f i r s t  scholar t o  rtudy r o i l s  i n  t h e  United S t a t e s  vas  Edmund Ruffin 
of Virginia.  Ee worked hard and success fu l ly  t o  f i n d  t h e  secret of l iming 
and learned t o  determine vhat we now ca l l  exchangeable calcium. 
b r i e f  essay i n  the  American Farmer in 1822, he  publinhed the  f i r s t  e d i t i o n  
of An Essay on Calcareous Manures i n  1832. 
v l d x y  read i n  the  Southern states, much of  vhat he had learned about r o l l s  
had t o  be rediscovered. 

With a f ev  exceptions,' t he  concepts of s o i l  held a t  the  time r o i l  
survey began were based on t h e  idea6 developed by t h e  German chemist Jus tus  
von Liebig and modified and re f ined  by a g r i c u l t u r a l  chemists and p l an t  
physiologis ts  working on samples of s o i l  i n  l abora to r i e s  and greenhouses and 
on small f i e l d  plo,ts. The r o i l s  vere r a r e l y  examined b e l w  the  l a y e r  turned 
i n  regular  t i l l age .  These chemiets held t h e  "balance-sheet" theory o f  p lan t  
nu t r i t i on .  
nu t r i en t s ,  which could be used 8nd replaced. 
when applied within the  framework of modern s o i l  science.  
n u t r i e n t s  from r o i l  by hamested  crops and t h e i r  return i n  manure, lime, and 
f e r t i l i z e r  a r e  important t o  r o i l  p roduct iv i ty ,  bu t  a g rea t  dea l  more is  
needed to understand s o i l r .  

After a 

Although h i s  writ ings were 

, 

S o i l  was considered a more o r  less r ta t ic  s torage  b i n  f o r  p l an t  
This  concept s t i l l  has value 

The removal of 

The ea r ly  geologi r t r  genera l ly  accepted t h i n  theory of s o i l  f e r t i l i t y  
and applied i t  v i t h i n  the  framevork of t h e i r  ova d i sc ip l ine .  
eo11 as dis in tegra ted  rock of var ious  sor ts-grani te ,  sandstone, till, and 
the  l ike .  
modified t h i s  mater ia l  and how geologic processes  shaped i t  i n t o  landforms 
such as g l a c i a l  moraines, a l l u v i a l  p l a ins ,  loess p l a i n s ,  aqd marine te r races .  
N. S. Shalet'a monograph on the  o r i g i n  and na ture  of soils vent  about a8 

They described 

They went fu r the r ,  houever, and showed how the  weathering proceesea 
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f a r  a s  poss ib le  with t h i s  ge log ica l  concept of s o i l s ,  although many d e t a i l s  
were added by G .  P. Merrill. 9 

Near t h e  end of t he  nineteenth century, e rofessor  Milton Whitney 
inaugurated t h e  National S o i l  Survey Program. Professor  Whitney and h i s  
coworkers in t he  new s o i l  research u n i t  of t he  United S t a t e s  Department of 
Agricul ture  became impressed by the  grea t  va r i a t ions  among n a t u r a l  so i l s -  
p e r s i s t e n t  v a r i a t i o n s  t h a t  were i n  no way r e l a t ed  t o  the  e f f e c t s  of  agr icu l -  
t u r a l  use. 
capaci ty  of t h e  s o i l  t o  furn ish  p l an t s  v i t h  moisture as  vel1 as n u t r i e n t s .  
Professor P. 8 .  King of the  University of WieSonsin vas a l s o  emphasizing the  
physical p rope r t i e s  of s o i l s  about t h i s  t he .  

Early s o i l  sulpeys were made t o  help farmers l o c a t e  s o i l s  responsive t o  

Whitney and h i s  covorkers emphasized s o i l  t ex tu re  and t h e  

management and t o  he lp  them decide vhat crops and management p r a c t i c e s  vere 
most s u i t a b l e  f o r  t h e  p a r t i c u l a r  kinds of so i l  on t h e i r  farma. 
conceived as mainly t h e  weathering products of recognized geologic  forma- 
t i ons ,  defined by landform and l i t ho log ic  composition. Many of the e a r l y  
workers were geo log i s t s  because only geologis t s  vere s k i l l e d  in f i e l d  
methods and i n  s c i e n t i f i c  co r re l a t ion  appropriate  to  the  study of soi ls .  
Most of the  s o i l  surveys published before 1910 vere s t rongly  inf luenced by 
these  concepts. Those published from 1910 t o  1920 gradual ly  added g r e a t e r  
refinements and recognized more soil f ea tu res  bile r e t a i n i n g  fundamentally 
geological  concepts. 

S o i l s  vere 

The e a r l y  f i e l d  vorkers  soon learned t h a t  many important s o i l  p rope r t i e s  
a r e  not d e f i n i t e l y  r e l a t e d  t o  e i t h e r  landform or kind of rock. 
t h a t  n a t u r a l l y  poorly drained sails have d i f f e r e n t  p rope r t i e s  than n a t u r a l l y  
wel l  drained s o i l s  and t h a t  many sloping s o i l e  are unl ike lwel ones. As 
e a r l y  as  1902, s o i l  s t n r c t u r e  vas described in t he  s o i l  eumey of Dubuque 
County, Iowa. The 1904 s o i l  suroey of Tama County, Ioua, repor ted  that 
s o i l s  t h a t  had formed under f o r e s t  contrasted markedly v i t h  s o i l s  t h a t  had 
formed under g r a s s  on similar parent material. 

They noted 

Yet f o r  s eve ra l  years  t he  geological concept dominated f i e l d  work and 
the balance-sheet theory of p l an t  n u t r i t i o n  domfnated the l abora tory ,  and 
both were taught in many classroums u n t i l  t he  late 1920's. 
quence, many special  concepts vere formed t h a t  broke dovn i n  con t r ad ic t ion  
when appl ied t o  t h e  g r e a t  cont inental  a r ea  of the  United S ta tes .  

As a case -  

Broader and more general ly  ueeful  concepts of 80il vere being developed 
by some American s o i l  s c i e n t i s t s ,  espec ia l ly  E. W. Ellgard.  
da ta  for' formulating these  broader concepts came rapid ly  from t h e  f i e l d  vorlc 
of t he  s o i l  aumey during t h e  f i r s t  decade of i t s  operations.  
the  longesk s t e p  tovard a more sa t i s f ac to ry  concept of s o i l  vaa made by G. 
N. Coffey. 
h ie rarcha l  system based on inherent  d i f fe rences  i n  t h e  s o i l  i t s e l f  as 'e 
na tu ra l  body having a d e f i n i t e  genesis and d i s t i n c t  na ture  of its ova and 
occupying an i n  epandent pos i t ion  i n  the  formations cons t i t u t ing  t h e  su r face  
of the  ear th .  "' 

The necessarp 

After Hilgard,  

He "...concluded t h a t  an i d e a l  c l a s s i f i c a t i o n  should b e  a 

4 
Meanwhile, beginning i n  1870, the  Russian school of s o i l  sc ience  under 

the leadership of V. V. Dokuchaiv and N. H. Sibertsev was developing a nev 
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concept of so i l . 8  The r e s u l t s  of t h i s  work became general ly  ava i lab le  t o  
Americans through the  publ ica t ion  of K. D. Glinka's textbook i n  German i n  
1914 grid espec ia l ly  through i ts  t r a n s l a t i o n  i n t o  English by C. P. Marbut i n  
1917. The Ruseian workers conceived of s o i l s  as independent na tu ra l  
bodies, each v i t h  unique p r o p e r t i e s  r e s u l t i n g  from a unique combination of 
climate,  l i v i n g  matter, parent  material, r e l i e f ,  and time. The p rope r t i e s  
of each s o i l  r e f l e c t  t h e  combined e f f e c t s  of t h e  p a r t i c u l a r  s e t  of gene t ic  
f ac to r s  responsible f o r  its formation. 

This vas a revolut ionary concept. P rope r t i e s  of s o i l s  no longer vere 
based vhol ly  on inferences from t h e  geologic na tu re  of t h e  rocks or from 
climate o r  from o the r  environmental f ac to r s ,  considered s ingly  or col lec-  
t ive ly ;  r a the r ,  by going direct . ly  t o  the  s o i l  i t s e l f  t he  in tegra ted  expression 
of these f ac to r s  could be seen i n  the  s o i l s '  morphology. 
required t h a t  a l l  p rope r t i e s  of so i l s  be  considered co l l ec t ive ly  i n  terms of 
a completely in tegra ted  n a t u r a l  body, r a t h e r  than as separate  propert ies .  
In shor t ,  it made poss ib l e  a sc ience  of soi l .  

This concept 

The e a r l y  enthusiasm f o r  the n& concept and fo r  t h e  r i s i n g  new dfsc ip l ine  
of s o i l  science l e d  some t o  suggest that the o ther  sciences were unnecessary 
f o r  study of s o i l .  
t o  declare a c e r t a i n  sense of autonomy and freedom from the  o lder  concepts 
of geology and a g r i c u l t u r a l  chemistry. Cer ta in ly  the reverse  is  t rue ,  f o r  
besides laying the  foundation f o r  a s o i l  science with its o m  pr inc ip les ,  
the  new concept makes t h e  o the r  sc iences  even more useful. 
provides a f i rm b a s i s  on vhich t o  c l a s s i f y  t h e  r e s u l t s  of obsemation, 
experiments, and p r a c t i c a l  experience and t o  develop pr inc ip les  t h a t  p red ic t  
the  s o i l s '  behavior. 

Some extreme statements  in t h i s  tone were made, perhaps 

S o i l  morphology 

3 
Under the  i n t e l l e c t u a l  leadersh ip  of Harbut," t h i s  new concept vas 

broadened and adapted t o  condi t ions  i n  the  United S ta t e s .  
expounded, t h i s  concept emphasized ind iv idua l  s o i l  prof i les-soi le  a t  po in t s  
on t he  earth's eurface-even t o  the  subordinat ion of external s o i l  f e a t u r e s  
and surface geology. 
f i r s t  tended t o  overlook t h e   soil^' n a t u r a l  v a r i a b i l i t y ,  vhich can be 
subs t an t i a l  even v i t h i n  a small area. 
ser iously reduced the  va lue  of t h e  s o i l  maps. 
evident i n  the  United S t a t e s ,  perhaps because of t h e  emphasis here  on making 
de ta i led  s o i l  maps f o r  t h e i r  p r a c t i c a l  p red ic t ive  value. 
transforming the  p r o f i l e  concept into a more r e l i a b l e  pred ic t ive  tool  w a s  
rapid because a l a r g e  body of important f i e l d  da t a  had already been 
accumulated. 
being done on e o i l s  throughout t h e  country. 
summarized and in t e rp re t ed  i n  accordance wi th  t h i s  conffpt,  as viewed by 
Marbut, i n  h i s  work on t h e  soils of t h e  United S ta tes .  

As f i r s t  

However, by emphasizing poin ts ,  8011 r c i e ~ t f s t s  a t  

Overlooking the  v a r i a b i l i t y  of a o i l s  
This veahess soon became 

Progress in 

By 192s a l a r g e  amount of morphologfcal and chemical vork vas 
The data  ava i lab le  by 1930 vere 

Further,  e a r l y  emphasis on gene t i c  s o i l  p r o f i l e s  vas so grea t  as  t o  
suggest t h a t  material facking a gene t i c  p r o f i l e ,  such as f r e sh  alluvium, vas 
not soil. 
formation. Although a d i s t i n c t i o n  betveen these  sets of processes is u s e f u l  
for some purposes, rock weathering and s o i l  formation a r e  commonly i n d i s t i n -  

A sharp d i s t i n c t i o n  van dravn betveen rock weathering and s o i l  

I guiehable. 
-.. 
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Marbut a lvays  emphasized s t rongly t h a t  c l a s s i f i c a t i o n  of s o i l s  should 
be based on morphology ins tead  of on t heo r i e s  of s o l 1  genesis ,  s ince  
theo r i e s  are both ephemeral and dynamic. 
point.  Because some vorkers  assumed that s o i l s  had c e r t a i n  c h a r a c t e r i s t i c s  
without examining t h e  s o i l s ,  Marbut t r i e d  t o  make clear t h a t  examination of 
t he  s o i l s  themselves is e s s e n t i a l  in developing a system of s o i l  c l a s e i f i c a -  
cion a n d . i n  making usable  s o i l  maps. 
revea ls  h i s  personal  understanding.of t he  contr ibut ions of geology t o  so i l  
science.  
a "normal soil":  t h e  product of equilibrium on a landscape where dovnvard 
eroeion keeps pace wi th  s o i l  formation. 

He perhape overemphasized t h i s  

In s p i t e  of t h i s ,  Xarbut's own vork 

H i 8  s o i l  c l a s s i f i c a t i o n  of 1935 depends heavi ly  on t he  concept of 

The s o i l  surveys published betveen 1920 and 1930 revea l  a marked 
t r a n s i t i o n  from e a r l i e r  concepts t o  emphasis on so i l  p r o f i l e s  and s o i l s  a e  
independent bodies. 
geology, as s o i l  maps do today, and many of t he  surpcys of t h a t  per iod 
provide exce l l en t  general  mape f o r  evaluat ing engineering p r o p e r t i e s  of 
geologic material. 
recogni t ion of o the r  s o i l  p rope r t i c s  s ign i f i can t  t o  farming and f o r e s t r y  
than do earlier surpeys and have value f o r  broad gene ra l i za t ions  about 
farming p r a c t i c e s  in l a r g e  areas. 

The maps re ta ined  t h e  s i g n i f i c a n t  boundaries r e l a t e d  t o  

In addi t ion,  the  maps and texts of t h e  per iod ehow more 

The concept of s o i l  was gradually broadened and extended during the  
years  f o l l w i n g  1930. 
t i o n  and balance. 
about 1930, morphological e tudies  were extended from s i n g l e  p i t s  t o  long 
trenches o r  a series of p i t s  in an area of soil., 
came t o  be described by ranges of proper t ies  deviat ing from a c e n t r a l  
concept inetead of by a s i n g l e  "typical" p ro f i l e .  

This revieion e s s e n t i a l l y  vas a matter of coaeolida- 
The major emphasis had been on t h e  s o i l  p ro f i l e .  After 

The morphology of a s o i l  

C l a r i f i c a t i o n  and broadening of t he  concept of 8011 also grew ou t  of 
increasing emphaeie on de ta i l ed  s o i l  mapping. 
emphasis on predic t ing  crop y ie ld8  f o r  each kind of s o i l  shavn on t he  maps. 
Many of t h e  o lde r  descr ip t ions  of soile had not been q u a n t i t a t i v e  enough and 
the  u n i t s  of c l a s s i f i c a t i o n  had been too hetcrogcncour for making t h e  y i e l d  
and management pred ic t ione  needed f o r  planning t h e  management of ind iv idua l  
farms. 

Concepts changed v i th  increased 

The use  of aerial photographs f o r  r o i l a a p p i n g ,  vhich began during t h e  
l a te  1920's and e a r l y  1930'0,  g r e a t l y  increased the prec is ion  of  p l o t t i n g  
s o i l  boundaries. To meet the  needs f o r  plraning the  management of ind iv idua l  
f i e l d s  and farma, g r e a t e r  prec is ion  of in t e rp re t a t ion  waa also required.  
Changing ob jec t ives  of so i l . su rpeys  brought changes in  methods and techniques 
t h a t  made surveys more useful .  
reconeiderat ion of t h e  concept of s o i l  i t s e l f ,  

The associated change i n  perspec t ive  forced 

During t h e  1930'6, s o i l  formation vas explained in terms of loose ly  
conceived processes,  such as "podzolization," " la te r iza t ion ,"  "ca lc l f ica-  
t ion." These were presumed t o  be unique processes responsible  f o r  the  
observed common p rope r t i e s  of s o i l s  of a region. Since 1940, time has 
asemed much g r e a t e r  s ign i f icance  among t h e  f a c t o r s  of s o i l  formation, and 
geomorphological s t u d i e s  have become important in determining t h e  time t h a t  
s o i l  mater ia l  a t  any p h c e  has been subjected t o  soil-forming processes. 
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Meanwhile, advances in soil chemistry, soil physics, soil mineralogy, and 
soil biology, as vel1 as in the basic sciences that underlie them, have 
added nev tools and nev dimensions to the study of soil formation. 
consequence, the formation of soil has come to be treated as the-aggregate 
of many interrelated physical, chemical, and biological processee. These 
processes are subject to quantitative study ae phyeics, chemistry, mineralogy, 
and biology. 
gross attributes of the whole soil to the ditai1 of individual parts, 
including grain-to-grain relationships. 

As a 

The focus of attention also has shifted from the study of 

In both brbut'e clasrification and the 1938 claeeification developed 
by the U. S. Department of Agriculture, the classes were described mainly in 
qualitative terms. 
would permit application of the syetem consistently by different scicntiste. 
Neither system definitely linked the clasaea of its higher categories to the 
soil series that were used in soil mapping. Both systems reflected the 
concepts and theories of soil genesis of the time, which were themselves 
predominantly qualitative in character. Hodification of the 1938 eystem in 
1949 corrected some of its deficiencies, but ale0 illustrated the need for a 
reappraisal of concepts and principles. Nore than fifteen years of work 
culminated la a completely nev roil taxonomy. This became the official 
classification system of the U. S. National Cooperative Soil Survey in 196s 
and vas published as 

Classee were not defined in quantitative terms that 

Taxonomp in 1979. 

Though the categories and classes of the new taxonomy are direct 
consequencee of new and revised concepts and theories, its major 
contribution does not come primarily from the superiority of its classes and 
categories over thoee of previous systems. The classes and categories will 
undoubtedly change as new knovledge is obtained. The most significant 
contribution comes from defining class- limits quantitatively. The theories 
on which the system ia baeed are tested every time the taxonmy is applied. 
More importantly for s o i l  eurvey.' the application of quantitatively defined 
classes to bodies of soil can produce quantitatively defined map unite. 
These, in turn, can be interpreted v i t h  more precision than vas formerly 
achieved. 
soil correlation. 

Further, this taxonomy permit6 simplification urd acceleration of 

In addition to the new soil clarsificatlon system, several other 
techniques have contributed to increased precision of soil survey. 
of aerial photographs as mapping bases became almost universal in detailed 
soil mapping during the late 1930'r and early' 1940's. Using aerial photo- 
graph6 har greatly increased the precision vith which soil boundaries can be 
delineated on maps. At the same tlme, the scale of published maps was 
increased from about 1:62,500 to mainly 1:24,000 to 1:15,840. 
area t h a t  can be delineated legibly at 8 scale of 1:62,500 l e  about 4 ha; 
areas of 1 ha can be delineated legibly at a rcale of 1:lS,840. 

The use 

The smallest 

One additional factor ha6 had an immense impact on soil eunrey, especially 
during the 1960's. Prior t o  about 19S0, the primary applications of soil 
surveys vere farming, ranching, and forestry. Applications for highway 
planning were recognized in some states as early as the late 1920'8, and 
soil interpretations,vere placed In fletd manuals Por 'iighvay engineers of 
some states during the 1930's and 1940's. Neverthelcod, the changee in soil' 
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surveys during this period vert mainly responses to the needs of farming, 
ranching, and forestry. During the 1950's and 1960's nonfarm uses of the 
soil increased rapidly, creating immense problems and a great need for 
information about the effects of so i l s  on those uses. . -  

Cooperative research vith the Bureau of Public Roads and state highvay 
departments beginning about 1950 eetablished a firm basis for applying soil 
surveys to road construction. Working together, soil scientists and 
engineers and others have developed interpretations of soils for roads and 
other nonfarm uses. 
of published soil sumeye, require different information about eoils. 
soil properties that are not Important for growth of plants are of 
overriding importance in evaluating soils for building sites, sevage 
'disposal systems, highvay construction, pipelines, recreation, or other 
usea. 
unit area; errors can be extremely costly. 
location of soil boundaries, in identification of the areas delineated, and 
in quantitative definition of map units has aeeumcd even greater Importance. 

These interpretations, which have become standard parte 
Some 

Many of these usee of soil require very large capital investments per 
Consequently, precision in the 

The Modern Concept of Soil 

- Soil is "the collection of natural bodies on the earth's surface, in 
places modified or even made by mqn of earthy materials, containing livhg 
matter and supporting or capable of supporting plants out-of-doors. 
upper limit is air or shallov vater. 
or to barren areas of rock or ice. Its lower limit to the not-soil beneath 
is perhaps the most difficult to define. 
the surface that differ from the underlying rock material as a result of 
interactions, through the, of climate, liv'ing organisms, parent materials, 
and relief. In the few places where it contains thin cemented horizons that 
are impermeable to roota, soil is as deep ae the deepest horizon. More. 
commonly soil grades at its lover margin to hard rock or to earthy materials 
virtually devoid of roots, anlmale, or mark8 of other biologic activity. 
The lover limit of soil, therefore, is normally the lover limit of biologic 
activity, which gepSrally coincides vith the comnon rooting depth of native 
perennial plants." 

Its 
At its margins it grader to deep vater 

Soil includes the horizons near 

The "natural bodies" of this definition include a11 genetically related 
parts of the uoil. A given part, such as a cemented layer, may not contain 
living matter or be capable of supporting plants; but it is rtill 8 part of 
the soil if it is genetically related to the other parts and if the body as 
a unit contains living matter and is capable of supporting plante. 

By omitting any reference to soil formation, the definition includes as 
soil all natural bodies that contain living matter and are capable of 
supporting plants even though they do not have genetically differentiated 
parts. 
support plants. 

A fresh deposit of alluvium or earthy manmade f i l l  is roll if it can 
If fill cannot support plants, it is not soil. 

To be soil, a natural body must contain living matter. 
- 

This excludes 
former soils nov buried belov the effects of organisms. 
that buried soils may not be characterized by reference to taxonomic 

This is not to sap 

c 
i 

I 
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i . 

classes .  
na tu ra l  bodies ca l l ed  s o i l .  

It merely means t h a t  they a r e  not povrnembers of the  c o l l e c t i o n  of 

Not everything "capable of supporting p l an t s  out-of-doors" i s - s o i l ,  
however. Bodies of water that support  f l o a t i n g  p l a n t s  such as algae a r e  not  
soil, but t he  sediment b e l w  shallow water is s o i l  i f  it can support  bottom- 
rooting p l an t s  such as c a t t a i l s  o r  reeds. 
a r e  a l s o  not s o i l ,  though they may support p a r a s i t i c  plants .  
supports mainly l ichens  on t h e  sur face  or p lan t s  only in vide ly  spaced 
cracks i s  a l s o  excluded. 

The above-ground p a r t s  of p l a n t s  
Rock t h a t  

The t r a n s i t i o n  from not -so i l  t o  s o i l  cau be i l l u s t r a t e d  by r ecen t  lava  
flows in warm regions under heavy and very frequent r a i n f a l l .  
es tabl ished very quickly in such cl imates  on the  broken types of b a s a l t i c  
lava,  even through t h e r e  is very l i t t l e  ear thy material. 
supported by t h e  porous rock f i l l e d  with water containing p l an t  n u t r i e n t s .  
Organic matter soon acctrmulatea, bu t  even before It does the  dominantly 
porous broken lava in h i c h  p l a n t  roo t s  grov i e  s o i l .  

P l an t s  become 

The p l a n t s  are 

Nore than 60 years  ago, tfafgut wrote "The e o l l  consists of t h e  o u t e r  

The cur ren t  d e f i n i t i o n  r e f e r s  t o  "the c o l l e c t i o n  of 
layer  of the  tarth:s crust...." 
s o i l  as a continuum. 
na tu ra l  bodies on t he  e a r t h ' s  surface." which implies the  d iv i s ion  of that 
continuum In to  d i s c r e t e ,  def ined p a r t s  t h a t  can be t rea ted  as members of a 
population. 
vas  emphasized and i t s  p a r t s  were loosely defined t o  one in vhich t h e  p a r t s  
are sharply defined and t h e  whole is an organized col lect ion.  

Marbut's de f in i t i on  implies a concept of 

The perspectzve of s o i l  has  changed from one in which t h e  vhole  

Pedon and Polypedon 

In s o i l  surveys t h e  Indiv idua l  parts that make up t h e  s o i l  continuum 
are c l a s s i f i ed .  The classes are defined t o  include bodiee of s o i l  of ' 

s igni f icant  kinds and s i zes .  
they a r e  r e l a t ed  t o  t h e i r  representa t ives  i n  nature: 
polypedon. 

The classes are concepts, not real 8011s, b u t  
the  pedon and t h e  

- Pedon.-The b a s i c  s o i l  u n i t  is t he  pedon, a small  element In t h e  s o i l  
continuum. It is the smallest unit of s o i l  t h a t  can be c l a s s i f i ed .  It con- 
sists of mater ia l  t h a t  ha0 been modified by climate,  l i v i n g  organisms, time, 
and r e l i e f .  A pedon is large enough t o  Include representa t ive  v a r i a t i o n s  in 
t he  shape and r e l a t i o n  of horizons and i n  t h e  composition of t h e  soil. Not 
only is  the  pedon the  b a s i c  r o i l  body, bu t  i t  also acmes as a r tandard u n i t  
f o r  descr ibing soil and for obtaining samples f o r  laboratory work. 

A pedon extends down t o  t h e  lover l i m i t  of s o i l .  It extends through 
a l l  genetic horizons and, I f  the genet ic  horizons are th in ,  into the upper 
p a r t  of the  underlying regol i th .  
most na t ive  perennial  p lan ts .  
lover  limit of the  pedon is bedrock or a depth of about 2 m, vhichever is 
ehallouer. A depth of 2 m provides a good sample of major s o i l  horizons,  
even in th ick  s o i l ;  i t  Includes much of the  volume of s o i l  penetrated by 
p lan t  roots ;  and it penni t s  r e l i a b l e  obse.pat ions of s o i l  p roper t ies .  

The pedon include6 t h e  root ing  zone of 
For purposes of most s o i l  sumeys,  a p r a c t i c a l  
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The surface of a pedon is roughly polygonal and ranges from 1 m2 t o  
10 m i n  a rea ,  depending on the  na ture  of t he  v a r i a b i l i t y  i n  the  s o i l .  
Where the  cyc le  of var ia t ions  is l e s s  than 2 m and a l l  horizons a r e  con- 
t inuous an9 near ly  uniform i n  thickness,  t h e  pedon has  an area of approxi- 
mately 1 m 
over an i n t e r v a l  of 2 t o  7 m, t he  pedon includes one-half of t h e  cycle (1 t o  
3 1/2 m). 
cycle  is considered t o  contain more than one soil. 

2 

Where horizons or other  p rope r t i e s  are i n t e r m i t t e n t  o r  c y c l i c  

I f  horizons a r e  c y c l i c  over an i n t e r v a l  g r e a t e r  than 7 m, each 

. The minimum s i z e  of a pedon is  l a r g e  enough t h a t  ind iv idua l  peds or 
coat ings o r  a v e r t i c a l  hole a few cent imeters  i n  diameter f i t l e d  with s o i l  
material is not  ca l led  a s o i l .  
cons is ten t  c l a s s i f i c a t i o n  by d i f f e r e n t  observers  where important horizons 
are c y c l i c  o r  repeatedly in te r rupted  over s h o r t  d i s tances .  

The range in s i z e ,  1 to  10 m , penni ts  

Po1ypedon.-A group of contiguous pedons of a s i n g l e  s o i l  series makes 
up a polypedon. The l i m i t s  of p rope r t i e s  of a s o i l  s e r i e s  mark the  boundary 
of a polypedon (f igure 1-1). 
pedon is estimated by se lec t ing  and s tudying many of its cons t i tuent  pedons. 
I f  any group of contiguous pedons wi th in  t h e  boundary of a polypedon exceeds 
the  defined l i m i t s  of the  s o i l  series, t h e  group c o n s t i t u t e s  another 
polypedon t h a t  is a member of another series. 
surround another. 

The range of I n t e r n a l  p rope r t i e s  of a poly- 

Thus, one polypedon can 

The minimum area of a polypedon approache8 that of a a ing le  pedon, bu t  
a polypedon is enough l a rge r  t h a t  it rep resen t s  ranges in most character-  
i s t i c s  much b e t t e r  than any s i n g l e  pedon. 
The range in proper t ies  of a polypedon does no t  necessa r i ly  cover t h e  e n t i r e  
range of a s o i l  series; a s ing le  polypedon genera l ly  covers only p a r t  of t he  
range. 

No max- area l s , s p e c i f l e d .  

A s o i l  ae r i e s  is conrposed.of many polypedons t h a t  may be  f a r  apar t .  

Polypedons l i n k  the  real bodies of s o i l  in na tu re  t o  the  mental 
Polypedms are del iaea ted  on maps as concepts of taxonomic classes. 

accura te ly  as technique, scale, and soil p a t t e r n s  permit. 

. - . . - . - Factors  t ha t  Control t h e  Dis t r ibu t ion  of S o i l s  

Proper t ies  of s o i l  vary from place  t o  place,  b u t  t h i s  v a r i a t i o n  Is not  
Natural  s o i l  bodies are the  r e s u l t  of climate and l i v i n g  organisms random. 

a c t i n g  OD parent  material, with r e l i e f  exe r t ing  a modifying inf luence and 
with t i m e  required f o r  soil-forming processes  t o  act. Por the  most p a r t ,  
so i l s  a r e  the  same viaerever a l l  elements of t h e  f i v e  f a c t o r s  are the  same. 
Under s imi l a r  env4.roments i n  d i f f e r e n t  places ,  s o i l 8  are similar. This 
r e g u l a r i t y  permi ts  predict ion of t he  loca t ion  of many d i f f e r e n t  kinds of 
s o i l .  

The e f f e c t s  of soil-forminq f a c t o r s  on t h e  s o i l  are recognized a t  
d i f f e r e n t  geographic scales .  
l i k e l y  conclusion is t ha t  r e l i e f ,  parent  material, and t i m e  are most impor- 
t an t .  Local d i f fe rences  a r e  associated mainly v i t h  d i f fe rences  i n  these % 

fac tors .  
associated with wetness are common i n  low-lying places,  and b e t t e r  drained 

When s o i l s  are s tudied in small areas ,  t h e  

I n  the  humid region, f o r  example, vet s o i l s  and the  proper t ies  
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soils form in higher lying areas. 
important. 
salinity or sodicity, but the conclusion is the same. In a local environment, 
different soi ls  are associated vith contrasting parent materials, bucb as 
residuum from shale and from sandstone, and the correct conclusion is that 
parent material is important. Alluvial soils on a flood plain differ from 
alluvial soils on higher and older terraces, and the correct conclusion le 
that time is important. 
while mapping a small area. 

The correct conclueion ie that relief is 
In arid regions, the differences associated vith relief may be 

These kinds of relationships are observed repeatedly 

With some notable exceptions such as the contrasting patterns of 
vegetation in transition zones, local differences in vegetation are closely 
associated with differences in relief, parent material, or the. The 
effects of microclimate on vegetation may be reflected in the soil, but such 
effects are likely associated vith differences in relief. 

Properties determined by climate and vegetation generally persist 
throughout a region even though the local factors associated with relief. 
parent material, and time influence the soil as vell. 
experience is confined to a s ing le  environmental region, understanding the 
impact of climate and vegetation on roils is unlikely. 
differences, most of the soils in an area typically have rome propertice in 
common. 
contrast to the typical high base status in arid regions. 
studied soils only on old landscapes of hrrmid regione, however, low base 
status is so commonplace that little significance is attached to it. 
properties of soils of subhumid temperate grasslands contrast with those of 
soils of humid temperate f o t e s t e ,  of the humid tropics. and of other regions. 
The common properties of the soils of any region are "aorrpal" to one vho has 
studied a o i l  only in that region, but the scientist vho studies roil from 
region to region is m c h  impressed with.the differences in 0011 propertier 
associated vith large-scale differences in climate and vegetation. 

The regional patterns of climate and vegetation can be used to predict 
the kinds of soil in large areas. 
material, and time, and their relationehipr to vegetation and microclimate, 
can be used to predict the kind8 of soil in anall areas. 
learn to use local features, especially relief and associated vegetation, as 
marks of unique combinations of all five factorr. 
to predict boundaries of different kinds of roil and to predict romc of the 
properties of the soilvithin thooe bouudarier. 
local survey must be fully aware of the regional effects of climate and 
vegetation on the soils they rtudy. 
cial and the commonplace is not recorded. 

If a rcieatist'r 

In spite of local 

To one uho b e  

The 

The l w  base status of many roils in humid regions stands in marked 

The local pattern8 of relief, parent 

Soil sumeyorr 

These features are ueed 

But rcientistr vor- on a 

Otherwl8e their outlook become8 provin- 

Geographic order sug8ests relationships. Within a landscape, ruyfng  

The landforms are interrelated within the landscape. 

water, with veathering 8nd gravitation, commonly sculptures landforms. 
Over the ageso earthy material has been removed from some landform8 and 
deposited on others. 
Each landform has a high degree of unity; the entire area har unity through 
the interrelationshipe of the landforms. 

Each distinguishable landform may have one kind of 7011 or sevttal. 
Climate, including its change with time, commonly has bren about thc same 
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throughout the extent of a minor landform. 
ciated with cllmate also likely have been fairly uniform. 
vithin some limits characteristic of the landform, The time that the 
material has been subjected to soil formation has probably been about the 
same throughout the landform. The surface of the landform may extend 
through one kind of parent material and into another. 
on the landform may have influenced soil-uater relationehips, microclimate, 
and vegetation. 

The kinds of vegetation asso- 
Relief varies 

Of course, position 

A catena ie a group of geographically associated, unlike soils that 
differ in relief. 
soils that formed in similar parent materials but that differ in relief and 
associated degree of wetness. 
broader sense in East Africa for a group of so i l s  occupying a significant 
range of relief features but formed i n  either similar or unlike parent 
materials. 

In the United States, the term is applied to a group of 

The term "catena" has been used in a somewhat 

- Just as different kinds of soil are cOmc-:ip associated in a landecape, 
several landscapes are commonly associated in s t i l l  larger areas. 
areas cover thousands or tens of thousands of square kilometers. 
be identified on photographs taken from eatellites. Prom this vantage point 
broad geomorphic units such as the East Gulf Coastal Plain, the Allegheny 
Plateau, the Laramie Basin, and the Great Valley of California are apparent. 
These broad units usually have some unity of landscape, which is character- 
k e d  by such terms as wplain,w "plateau," and "mountain." These geomorphic 
units are compoecd of many landforms characteristic of a large number, 
commonly hundreds, of kinds of soil. 

Theee 
&ny can 

The main relief features of a geomorphic unit are uarallp the joint 
products of deep-seated forces and a complex set of surface processes acting 
over long spans of time. 
forme are shaped principally by climate-controlled processes. 
and biological factors, hovever, vary much less vithin a geomorphic unit 
than across a continent. 

Within a geomorphic unit, groups of &nor land- 
The climate 

Still broader than the geomorphic aaits are great morphogenetic regions 
having distinctive climates. For example, one classification recognizes 
glacial, perigiacial, arid, suniarid-subhumfd, humid-temperate, and humid- 
tropical climatic regions associated with distinctive seta of geomorphic 
processes. 
are also recognized. 
moisture and eo11 temperature regimes. 

Other major regions characterized by seasonal climatic variation 
These geomorphic-climatic regloam are related to soil 

The great climatic regions are divided into major geomorphic units. 
Hinor landforms and associated landscapes of soil are small parts of these 
units and are commonly of relatively recent origin. 

The minor landforms of concern in soil mapping include constructional 
units, such as glacial moraines, and elements of local sequences of graded 
erosional and constructional land surfaces. These bear the imprint of local 
base level controls under climate-induced processes. Host Surfaces that 
have formed vithin the last ten thousand years have been subject to climatic 
and. base-level controls similar to those of the present. Older Surfaces may 
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retain the imprint of climatic conditions and related vegetatfon of the 
distant past. 
that of the present. Host minor landforms of the present started to form 
during the Quaternary Period; some started in late Tertiary time. -Under- 
standing the attributes of landforms in the present requires understanding 
climatic changes locally and worldvide far into the past. 

In many places those conditions differed significantly from 

The implications and consequences of geomorphic processes are so 
important in mapping soils that a prime requirement for soil survey work 1s 
a strong knowledge of geomorphology. 
knowledge of local geomorphic relationships in areas vhere they map and must 
understand the interpretations of landforms and land surfaces made by 
geomorphologists. 
can be best studied by collaboration between soil scientists and geomor- 
phologists. 

Soil scientists must have a working 

The intricate interrelationships of soil and landscape 
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Figure l-1.-Diagram of a polypedon ae a unit s o i l  body on the  earth's 
surface. 
s o i l  series.  

1te.margine represent the geographic l imits  of the properties of a 
(Courtesy Walter H. Sirnonson.) rn 

1-12 

(430-V-SSH. Aprfl 1984) 



1 

Footnotes 

'E. U. Hilgard vas one of  t h e  f i r s t  t r u e  pedo log i s t s  i n  t h e  
- 

United S t a t e s ,  bu t  during h i s  l i f e t i m e  he never  rece ived  t h e  c r e d i t  t h a t  
hie  accomplishments deserved. See f o r  example- 

Geology and Agr icu l ture  of t h e  S t a t e  of Hiss i s s ipp i .  391 pp., 1860. 

A Report on Cotton Production i n  t h e  United S t a t e s ;  Also Embracing 
Agr i cu l tu ra l  and Phys io~eograph ica l  Descr ipt ions of t h e  Seve ra l  Cot ton  
S t a t e s  and Ca l i fo rn ia  i n  volumes 5 and 6 of t h e  10th Census of t h e  United 
S t a t e s ,  1884. E 

Soi l s :  Their  Formation, P rope r t i e s ,  Composition, and Re la t ions  t o  
Climate and P l a n t  Growth i n  the  Humid and Arid Regions. 
1906. 

593 pp., i l l u s . ,  

%. S. Shaler .  

30. P. H e r r i l l .  

4H. Jenny. 

5For example: 

6G. N. Coffey. 

The Or ig in  and N a t k e  of So i l s .  U.S. Geol. Sum. Annl. 
Rpt. 12, pp. 213-345, i l l u s . ,  1891. 

A T r e a t i s e  of Rocks, Rock-Weathering and S o i l s .  New 
ed., 411 pp., i l l u s . ,  1906. 

E. W. Hi lgard and the  B i r t h  of Modern S o i l  Science.  
Pisa, I t a l y ,  144 pp., i l l u s . ,  1961. 

P. H. King. A Textbook of t h e  Phys ics  of Agricu l ture .  
Ed. 3, 604 pp., i l l u s . ,  1910. 

Agric., Bur. S o i l s  Bul l .  85, 114 pp., i l l u s . ,  1912. 
A Study of t h e  S o i l s  of t h e  United S t a t e s .  U.S. Dept. 

'11. G. Cl ine.  H i s t o r i c a l  Highl ights  in Soil Genesis,  Horphologp and 
C las s i f i ca t ion .  S o i l  Scl. SOC. Am. J. 41:250-254, 1977. 

%. K. Gedroiz. Soil-Absorbing Complex and t h e  Absorbed S o i l  Cat ions  
as a Basis of Genetic S o i l  C la s s i f i ca t ion .  
29 pp., Leningrad. 
19 12-25. ) 

Nossov Agr. Expt. S t a .  Paper 38, 
(-In papers  on s o i l  r e a c t i o n  Trans. by S. A. Uaksman. 

Charles  E. Kcllogg. Russian Contr ibut ions t o  S o i l  Science.  Land 
Pol icy  Rev. 9:9-14, 1946. 

S. S. Neustmev. ..Genesis of Soi l s .  Ruse. Pcdol. Invest. 3, Acad. 

'K. D. Glinka. 

Sei . ,  98 pp., Leningrad, 1927. 

The Great S o i l  Groups of the World and T h e i r  Develop- - ment. Trans. from t h e  German by C. F. Karbut. 235 pp., 1917. 

'OC. P. Harbut. The Contr ibut ion of S o i l  Surveys t o  S o i l  Science.  SOC. 
Prom. Agr. S c i .  Proc. 41:116-142, i l l u s . ,  1921. 
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- . A Scheme f o r  S o i l  C l a s s i f i c a t i o n .  1 s t  I n t e r n a t l .  Cong. S o i l  , # 

Sei. Comm. S ,  Proc. and Papers 4:l-31, i l l u s . ,  1928. 

. S o i l  Science Socie ty  of America. L i f e  and Work of C. P. Marbut. 
271  pp., i l l u s . ,  S942. 

' IC.  P. Marbut. S o i l s  of t h e  United S ta t e s .  I n  Atlas of American 
Agricul ture ,  p t .  111. Advance Shee ts ,  No. 8. U.S. Dept. Agrlc.. 1935. b 

"United S t a t e s  Department of Agricul ture .  S o i l  Taxonomy: A Basic 
System of C l a s s i f i c a t i o n  f o r  Making and I n t e r p r e t i n g  S o i l  Surveys. 
U.S. Dept. Agric. Handb. 436, 1975. p. 1. 

13C. F. Marbut. S o i l s  of t h e  United S ta t e s .  p. 11. 

14A landform is any f e a t u r e  of t h e  e a r t h ' s  su r f ace  produced by n a t u r a l  
causes. 
a h i l l  I s  a landform, b u t  It is a l s o  a landscape i f  t h e  Ind iv idua l  par t s -  
summit, shoulder,  s i d e ,  footslope-are each considered landforms. 

A landscape is a c o l l e c t i o n  of landforms. The terms are relative: 
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! Chapter 2 

Soil Surveys 

Nature, Purposes, and Uses 

A soil survey is a field investigation of the sbils of a specific 
area, supported by information from other sources. 
the survey area are identified and their extent shown on a map, and an 
accompanying report describes, defines, classifies, and interprets the 
soils. 
uses and the soils' response to management. 
of soil at specific places. 
is useful in developing land-use plans and alternatives involving soil 
management systems and in evaluating and predicting the effects of land 
use. 

The kinds of soil in 

Interpretations predict the behavior of the soils under different 

Soils information collected in a soil survey 
Predictions are made for areas 

Soil surveys began in the United States as a result of the 
U.S. Department of Agriculture Appropriations Act for fiscal year 1896. 
The act authorized funds for "Investigation in relation to agricultural 
soils, Division of Agricultural Soils" and nInvestigation of the relation 
of soils to climate and organic life; for the investigation of the texture 
and composition of soils in 'field and laboratory. 

In 1899 the U.S. Department of Agriculture completed field investiga- 
tions and soil mapping of portions of Utah, Colorado, New Mexico, and 
Connecticut. 
published by legislative directive. 
Maryland was completing a soil survey of Cecil County using similar proce- 
dures but financed by the state. 
initiated, completed, and published cooperatively by the Department of 
Agriculture with state agencies and w i t h  other federal qgencies. 
effort is the National Cooperative Soil Sumey. 

Reports of these soil surveys and simLlar works were 
At the same time, the State of 

Since then many soil surveys have been 

The total 

The early soil surveys were directed toward the investigation of soils 
used for farming, ranching, and forestry. As experience was acquired in 
the use of soil surveys, predictions were made about other uses,'such as 
highways, airfields, and residential and industrial developments. As the 
making and the use of soil suneys expanded, the knowledge about soils- 
about their nature, occurrence, and behavior for defined usee and manage- 
ment-also increased. 
survey experience to assist in planning highway construction in the late 
-1920's. A t  about the same time soil surveys In North Dakota were used in 
tax assessment. Beginning In the 1 9 3 0 ' ~ ~  the Soil Conservation Service 
used soil surveys for resource conservation planning of farms and ranches 
with emphasis on control of soil erosion. 
Virginia, made extensive use of soil survey information in urban land 

The Highway Department of Michigan was applying soil 

In the 1950's Fairfax County, 
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development. During the-late 1950's, soil survey information was applied 
to subdivision design in suburban areas of Chicago. Soil surveys were an 
important base for resource information in regional land use planning in 
southeastern Wisconsin.. Rural land zoning has also relied on soil surveys. 

Soil surveys are needed for all these purposes because there are many 
thousands of different kinds of soil--as many as there are significant 
combinations of the genetic factors. The properties of each soil can be 
learned through observation and research in the field and in the labora- 
tory. 
contained in these properties, considered collectively. The influence on 
soil behavior of any one property, or of a variation in any one, depends on 
the others in the combination. The soil survey applies its findings to the 
practical problems of using soils within this perspective. 

The history of a soil and evidence of its potentials f o r  use are 

The different kinds of soil shown on a soil maE have sets of inter- 
related properties that are characteristic of soil as a natural body. This 
definition is in,tended to exclude maps showing the distribution.of a single 
soil property such as texture, slope, or depth, alone or in combinations; 
maps that show the distribution of soil qualities such as productivity or 
erodibility: and maps of soil-forming. factors, such as climate, vegetation, 
or geologic material. A soil map delineates areas occupied by different 
kinds of soil, each of which has a unique set of interrelated properties 
characteristic of the material from which it formed, its environment, and 
its history. 
identified by names that s e n e  as references to a national system of soil 
taxonomy. 

The soils mapped by the National Cooperative Soil Survey are 

The geographic distribution of many individual soil properties or soil 
qualities can be extracted from soil maps and shown on separate maps for 
special purposes, such as showing predicted soil behavior for many uses. 
The number of such interpretative maps that can be derived from a soil map 
is large, and each such map would differ from the others according to its 
purpose. Rarely can a map made for one specific interpretation s e n e  a 
different purpose. 

Maps to show one or more soil properties can be made directly from 
field observations without making a basic soil map. 
specific purposes but have few other applications. Predictions of soil 
behavior can also be mapped directly. 
need to be changed with changes in land use and in the cultural and economic 
environment. 

installed. 
easily be revised as needed. 
a soil map, any significant change in the enterprise or the cultural or 

soil sumeys, this point needs to be emphasized. Occasionally "short-cut" 
inventories are made for some narrow objective, perhaps at a cost lower 
than that of a soil survey. Such maps quickly become obsolete. They 
cannot be revised without fieldwork because vital data were ignored, facts 

Such maps s e m e  their 

However, most such interpretations 

A map showing productivity of crops on soils that are wet and 
' undrained, f o r  example, has 1ittle.value after drainage systems have been 

If a soil map is made accurately, interpretative maps can 
But if only "judgment" maps are made, without 

. economic environment requires that the fieldwork be done again. In planning 
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were mixed with i n t e r p r e t a t i o n s ,  or boundaries between s i g n i f i c a n t  s o i l  
u n i t s  were omitted.  . .  

The bas i c  ob jec t ive  of s o i l  surveys i s  t h e  sane for a l l  kinds of l and ,  
although the  number of map u n i t s ,  t h e i r  composition, and t h e  d e t a i l  of 
mapping vary with t h e  complexity of t h e  s o i l  p a t t e r n s  and t h e  s p e c i f i c  
needs of the  users .  
so i l - r e l a t ed  problems of t h e  area. Although so i l  surveys h e l p  u s  t o  
increase  o u r  genera l  knowledge about s o i l s ,  they are most commonly made f o r  
more p r a c t i c a l  purposes. 
s p e c i f i c  geographic areas f o r  state,  county, and community land use plans, 
resource conservat ion p l ans  for farms and ranches,  development of reclama- 
t i o n  p r o j e c t s ,  f o r e s t  management, prel iminary planning for engineer ing 
p ro jec t s  and works, and many o t h e r  purposes. 

Thus a s o i l  survey i s  matched t o  t h e  s o i l s  and t h e  

They s a t i s f y  a need f o r  s o i l s  infonnat ion about 

Although s o i l  surveys can be made t o  s a t i s f y  a s i n g l e  purpose,  t h i s  i s  
r a r e l y  done. 
have more than one kind of important land use and many u s e r s  wi th  va r i ed  
interests and needs. 
extensive land use  t h a t  is not  expected t o  change. 
and complex i n  areas of  i n t ens ive  use where many land use  changes are 
expected . 

Most commonly they are made for areas s u f f i c i e n t l y  l a r g e  t o  

These needs may be few and noncomplex i n  areas of 
These needs may be many 

Predic t ions  f o r  uses  of s o i l s  o the r  than farming, grazing,  w i l d l i f e  
h a b i t a t ,  and f o r e s t r y  have tended t o  concent ra te  on l i m i t a t i o n s  of s o i l s  
f o r  t h e  intended uses.  Where investment per u n i t  of area is  high, modifying 
the  soil  t o  improve i t s  s u i t a b i l i t y  f o r  t h e  intended use  MY be economically 
feas ib le .  S o i l  s c i e n t i s t s  work with  engineers  and o t h e r s  t o  develop ways 
of improving s o i l s  f o r  s p e c i f i c  uses. 
increasing in , importance i n  areas where t h e  dem+nds on so i l  resources  are 
high. 

These k inds  of p r e d i c t i o n s  are 

Information about soi ls  can a l s o  be used for more gene ra l  land-use 
Land-use planning is  t h e  s e t t i n g  of policies and prepara t ion  of 

Land-use planning may be done a t  
planning. 
programs t h a t  in f luence  t h e . u s e  of land. 
d i f f e r e n t  l e v e l s  of detail,  from s m a l l  tracts t o  reg ions  of s e v e r a l  m i l l i o n  
acres .  The term "land" connotes real estate i n  def ined tracts. "Land' 
includes more than soil. 
f o r  judgment about land use and management b u t  are no t  themselves recommenda- 
t i ons .  
more than j u s t  s o i l .  

The p red ic t ions  of s o i l  s u q e y s  seme as a basis 

Valid recommendations for land use and management depend on much 

The i n f o m a t i o n  assembled i n  a s o i l  survey is used to p r e d i c t  or 
est imate  t h e  p o t e n t i a l s  and l i m i t a t i o n s  of so i l s  f o r  many specific uses .  
The information must be i n t e r p r e t e d  i n  forms that  can be used by pro- 
fess iona l  planners  and o thers .  
must use t o  make workable p lans ,  b u t  it is an important part. 

I t  is only part  of  t h e  information they  

S o i l  sunreys .a re  used t o  appra ise  p o t e n t i a l s  and l i m i t a t i o n s  of soi ls  
Planning a t  t h i s  i n  l o c a l  areas having a common adminis t ra t ive  s t ruc tu re .  

l eve l  i s  sometimes c a l l e d  c a m u n i t y  planning, f o r  it a p p l i e s  to  community 
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units such as villages, towns, or townships, to counties or parishes, and 
tc trade areas that include more than one local political unit. 

Soil surveys are also used to evaluate soil resources in multicounty 
o r  multistate areas that have problems that cannot be resolved by.loca1 
political units. Regional planning deals with land use in broad perspec- 
tive and necessarily appraises the potential of large areas. Regional 
planning is done in less detail than community planning. Soil surveys and 
their interpretations for regional planning are correspondingly less 
detailed and less specific. Soil maps and their interpretations for 
regional planning must provide graphic presentations of the predominant 
kinds of soil of similarly large areas. 

Soil surveys provide the basic information about soil resources needed 
for planning development of new lands or conversion of land to new uses. 
The failures of trial-and-error land settlements had much to do with the 
start of the soil survey in the United States. Soil surveys are used to 
avoid waste caused by ignorance of soil limitations when major changes of 
land use are contemplated and when new lands are to be brought into use. 

Soil survey information is important in planning specific land uses 
and the practices needed to obtain desired results. For example, if 
recreational use is being considered, a soil survey can indicate the 
limitations and potentials of the soils for  recreation. 
can furnish much information useful to a landscape architect in designing 
the area. 
in implementing an erosion control program during construction. A horti- 
culturist can use it in selecting suitable vegetation. 

The soil survey 

A contractor can use the soil survey in planning the grading and 

Soil surveys provide a basis for decisions about the kind and 
intensity of management operations needed, including those operations that 
must be combined fo r  satisfactory soil performance. For instance, soil 
survey information is useful in planning, designing, and implementing an 
irrigation system for a farm. 
istics help in determining length of run, water application rate, soil 
amendment needs, leaching requirements, a general fertilization program, 
drainage requirements, and field practices for maintaining optimum soil 
conditions for plant growth. 

The kind of soil and associated character- 

Soil surveys are also useful in helping to locate possible sources of 
sand and gravel or of topsoil. 
fields and plots and in the transfer of experiment results to other areas 
with similar soils. Much knowledge about use and management of soils has 
been spread by applying experience from one location to other areas with 
the same or similar soils and related conditions. 

They assist in siting agricultural research 

The hazards of nutritional deficiencies for plants, and even for 
animals, can be predicted from soil maps if the relationships of 
deficiencies to soils have been established, In recent years, important 
relationships have been worked out between many soils and deficiencies of 
such elements as copper, boron, manganese, molybedenum, iron, cobalt, 
chromium, selenium, and zinc. The relationships between soils and 
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deficiencies of phosphoxms, potassium, nitrogen, magnesium, and sulfur are 
more widely known. Relationships of soils to some toxic chemical elements 
have also been established. By no means have all of the important soils 
been characterized, especially for the trace elements, and much more 
research is needed. 

- Land appraisal.--Many attributes of land contribute to its value. 
one of these. The relative importance of soil varies widely among the many 
uses of land. Where the soil is a factor of production, as in fanning, 
ranching, or forestry, its capacity to produce and its requirements f o r  
production are elements of land value. Where capital investments are so 
high that the cost of modifying or  replacing the soil is insignificant, 
soil has little influence on land value. 

Soil is 

Soil surveys provide detailed information about the soil component of 
land, and this information cannot be obtained from any other source. Soil 
surveys can be interpreted specifically in terms of soil qualities that 
bear directly on land values for many different purposes. The interpre- 
tations are used most often, however, in assessing farmland for taxation 
and equalization, in appraising land for loans, and in guiding land buyers. 

The soil is only one of the elements that must be considered for 
appraisal of 1and.value within the total economic and institutional environ- 
ment of an area. Many of the other elements that determine value of real 
estate can change with time; 
surveys is the fact that their record of the kinds of soil remains valid. 
A survey can easily be reinterpreted as economic or institutional conditions 
change. 

One of the important attributes of soil 

Other uses.--In addition to their many widely recognized uses, soil surveys 
sene many other purposes. 
-_I_ 

Soil surveys provide essential data and information fo r  the compila- 
tion of general soil maps. 
require relatively intense field investigation and map scales of about 
1:12,000 to 1:24,000.  However, a smaller scale soil map with more broadly 
defined units may be better for some uses, such as developing land-use 
plans for large areas. 
large-scale soil maps and generalizing the map detail. The resulting map 
units are more useful for the intended use. The scale o f  the general soil 
map is usually selected to be the same as the land-use planning map. 

Many soil surveys are done for purposes that 

This map can be made by grouping units of the 

Soil surveys also provide information for compiling schematic soil 
maps of areas that are largely unsurveyed. 
predicting the kinds of soil in an area from existing information, largely 
or entirely without the benefit of preexisting soil survey maps or field 
investigations. Scattered soil surveys in these areas provide some soil 
information that can be projected by photo interpretation or other means to 
unsurveyed areas. 
some reliability the occurrence of kinds o,f soil from related physiographic, 
geographic, geologic, or vegetative features. Although schematic soil maps 
are not as reliable as large-scale, more detailed soil maps based on field 

Schematic soil maps are made by 

In some areas it is possible to generally predict with 
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investigations, they are useful where the other information is not 
available. 

Soil surveys have served as a basis for educational programs to inform 
' 

people of the important place soil resources have in maintaining a quality 
environment (Chapter 12). 

Small-scale soil maps provide a basis for comparison of broadly 
defined capabilities and limitations that relate to the soil on regional, 
national, and even worldwide scales. International cooperation among soil 
scientists has'accomplished much in relating the different soil classifica- 
tion systems of various countries to one another. This permits extending 
the findings of research on soils of one country to similar kinds of soil 
elsewhere. Since 1960, many people in many parts of the world have been 
working with the soil taxonomy that is used for the soil surveys of the 
United States. 
this system. 
far beyond the boundaries of the countries where the data were obtained. 

Many have'contributed ideas and data that form the basis of 
A s  a result, the uses of soil survey data have been extended 

Orders of Soil Surveys -- 
All soil surveys are made by examining, describing, and classifying 

soils in the field and delineating their areas on maps. Some surveys are 
made to serve users who need precise information about the soil resources 
of areas a few hectares or less in size. 
among small, homogeneous areas of soil. Other surveys are made for users 
who need a broad perspective of heterogeneous but distinctive areas of 
thousands of hectares, A soil suxvey made for one group of users may not 
serve the other group well. 

They require refined distinctions 

The elements of a soil survey can be adjusted to provide the most 
useful product for the principal intended purposes. 
of field study, different degrees of detail in mapping,,different phases or 
levels of abstraction i? defining and naming map units, and different map 
unit designs produce a wide range of soil surveys. 
elements form the basis for differentiating five orders of soil survey 
(Table 2-11. 

Different intensities 

Adjustments in these 

Recognition of these different levels of detail is helpful for communi- 
cating about soil surveys and maps, even though the levels cannot be 
sharply separated from each other. The orders are intended to aid in the , 

identification of the operational procedures used to conduct a soil survey. 
They also indicate general levels of quality control applied during the 
sumey, which affect the kind and precision of subsequent interpretations 
and predictions. 
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I/ Orders of soil survey differ in the following elements: - 
I. The kind of soil survey legend that is used, which is characterized 

by-- 

A. The kinds of map units (consociations, complexes, associations, 
and undifferentiated groups) 

B: The kinds of soil taxa used to identify the map units (soil 
series, subgroups, great groups, suborders, and orders, and 
phases of them) 

11. The standard for purity of delineated soil areas, including-- 

' A. The minimum area of a limiting dissimilar soil that must be 
delineated separately (and thus excluded from areas identi- 
fied as another kind of soil) 

The maximum percentage of limiting dissimilar inclusions that 
is permissible in a map unit. 

E. 

111. The kinds of field operations necessary to identify and delineate 
areas of the map units within prescribed standards of purity 

The minimum map scale required to accommodate the map units of the 
legend, the standards of purity, and the map detail justified by 
field methods 

IV. 

Mapping legends are adjusted to provide #e degree of refinement of 
map units required by the objectives of the survey. 
identified as a consociation (an area dominated by a soil of a single taxon 
such as a series or a suborder) or as a group (geographic mixture) of taxa, 
such as associations or complexes. A group may be more heterogeneous, and 
less refined, than a consociation at the same level of classification. A 
soil series has a much more narrowly defined set of soil properties than a 
suborder and so is a more refined distinction. 
are used as map units if users need precise information about small areas 
of soils. 
broad perspective is need of the soil resources of very large areas. 

A map unit can be 

Thus, phases of soil  series 

Phases of suborders might be used as soil map units if a very 

Standards of purity are adjusted according to the precision required 
by the survey objectives. Probably all delineations contain some kinds of 
soil besides that identified in the map unit name. 
purity. Different kinds of inclusions, however, have different effects on 
the value of the map for use. 
are those that are distinctly more limiting for use than the named soil. 
These are called limiting dissimilar soils. Not only the amount of such 
limiting. soils but also the size of their individual areas is important. 
Soil survey standards for both are set at levels that do not seriously 
detract from the validity of interpretations based on the named soil. 

These inclusions reduce 

The inclusions #at most detract from purity 
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Standards of purity are attained by adjusting the field operatioris. 
If the standards require that areas of limiting dissimilar soils as small 
as 0.1 ha be delineated, for example, the area must be traversed at inter- 
vals close 'enough to find areas that small and the soil must be examined at 
enough places along each traverse to detect them. 

The map scale must be large enough that areas of the minimum size can 
be delineated legibly. Figure.2-1 illustrates the effect of scale on 
legibility of maps. 

The choice of map scale also depends on the user's perspective. 
who need precise information about small areas focus their attention on a 
small part of the map and on a relatively few delineations. They are not 
distracted by boundaries and symbols on other parts of the map. 
ly, the map scale can usually be the smallest that will permit legible 
delineation of the smallest areas. 

Users 

Consequent- 

Map users who want a broad perspective of large areas, however, are 
usually concerned with comparisons among delineations of all, or a large 
part, of the map. Many closely spaced boundaries and symbols are con- 
fusing. Consequently, delineations on maps for such uses are generally 
larger and fewer in number. 
the scale is commonly larger than the minimum that would permit legible 
delineation of the smallest areas. 

Although such maps are usually at small scale, 

Table 2-2 shows the relationships between map scales and the smallest 
delineations that can be made legibly at those scales. 
between the smallest delineation that could be made and the smallest that 
- is commonly made increases as map scale decreases. 

The difference 

When the elements of the soil survey are skillfully coordinated with 
the purposes for making the survey, the needs of the users can be met. The 
order of a survey is a consequence of field procedures, the minimum size'of 
delineation, and the kinds of map units that are used. Table 2-1 is a key 
for identifying kinds of soil surveys. 

-- First order'surveys are made for very intensive land uses requiring 
very detailed information about soils, generally in small areas. 
information can be used in planning for irrigation, drainage, truck crops, 
citrus or other specialty crops or experimental plots, individual building 
sites, and other uses that require a detailed and very precise knowledge of 
the soils and their variability. 

The 

Field procedures permit observation of soil boundaries throughout 
their length. The soils in each delineation are identified by transecting 
or traversing. Remotely sensed data are used as an aid in boundary de- 
lineation.' Map units are mostly consociations with some complexes and are 
phases of soil series or are miscellaneous areas. Some map units named at 
a categorical level above the series may be appropriate. 
a minimum size of about 1 hectare (2.5 acres) or less, depending on scale, 
and contain a minimum amount of contrasting inclusions within the limits 

pelineations have 
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permitted by the kind of map unit used. 
1:15,840 or larger. 

Base map scale is generally 

Second order surveys are made for intensive.land uses that require 
detailed information about so i l  resources for making predictions of suita- 
bility for use and of treatment needs. The information can be used in 
planning for general agriculture, construction, urban development, and 
similar uses that require precise knowledge of the soils and their 
variability. 

Field procedures permit plotting of soil boundaries by observation and 
by interpretation of remotely sensed data. 
closely spaced intervals, and the soils in each delineation are identified 
by transecting or traversing. Map units are mostly consociations and 
complexes. Occasional undifferentiated groups or associations are also 
used. Components of map units are phases of soil series or are miscel- 
laneous areas; map units named at a categorical level above the series can 
be used. Delineations are variable in size, with a minimum of 0.6 to 4 
hectares, (1.5 to 10 acres) depending on landscape complexity and survey 
objectives. 
limits permitted by the kind of map unit used. 
1:12,000 to 1:31,680, depending on the-complexity of the soil pattern 
within the area. 

Boundaries are verified at 

Contrasting inclusions vary in size and amount within the 
Base map scale is generally 

Third order surveys are made for extensive land uses that do not -- 
require precise knowledge of small areas or detailed soils information. 
Such survey areas are usually dominated by a single land use and have few 
subordinate uses. 
forest, recreational areas, and similarly extensive land uses and in 
community planning. 

The information can be used in planning for range, 

Field procedures permit plotting of most soil boundaries by 
interpretation of remotely sensed data. 
observations. 
and applying the information to like areas. 
are made for verification. Map units are mostly associations, but com- 
plexes, consociations and undifferentiated groups can be used. Components 
of map units are phases of soil series or of taxa above the series, or 
miscellaneous areas. Delineations have a minimum size of about 1.6 to 256 
hectares, (4 to 640 acres) depending on the survey objectives and complex- 
ity of the landscapes. Contrasting inclusions vary in size and amount b 

within the limits permitted by the kind of map unit used. 
is generally 1:20,000 to 1:250,000, depending on the complexity of the soil 
pattern and intended use of the maps. 

Boundaries are verified by direct 
The soils are identified by transecting representative areas 

Some additional observations 

Base map scale 

Fourth order surveys are made for extensive land uses that need 
general infonnation for broad statements concerning land-use potential and 
general land management. The information can be used in locating, com- 
paring, and selecting suitable areas for major kinds of land use, in . 
regional land-use planning, and in selecting areas for more intensive study 
and investigation. 
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Field procedures permit plotting of soil boundaries by interpretation 
of remotely sensed data. 
sentative areas to determine soil patterns and composition of map units and 
applying the infomation to like areas. Most map units are associations, 
but some consociations and undifferentiated groups may be used in some 
surveys. Components of map units are phases of soil series or of taxa 
above the series or are miscellaneous areas. Minimum size of delineations 
is at least 40 to 4,000 hectares, (100 to 10,000 acres) and contrasting 
inclusions vary in size and amount within the limits permitted by the kind 
of map unit used. Base map scale is generally 1:100,000.to 1:1,000,000. 

The soils. are identified by .transecting repre- 

Fifth order surveys are made to collect soils information in very -- 
large areas at a level of detail suitable for planning regional land use 
and interpreting information at a high level of generalization. The 
primary use of this information is selection of areas for more intensive 
study . 

Field procedures consist of mapping representative areas of 39 to 65 
square kilometers (15 to 25 square miles) to determine soil patterns and 
composition of map units. This information is  then applied to like areas 
by interpretation of remotely sensed data. Soils are identified by a few 
on-site observations-or by traversing. 
but some consociations and undifferentiated groups may be used. Components 
of map units are phases of taxa at categorical levels above the series and 
miscellaneous areas. Minimum size of delineations is about 1,000 to 4,000 
hectares (2,500 to 10,000 acres). Contrasting inclusions vary in size and 
amount within the limits permitted by the kind of map unit us Base-map 
scale ranges from about 1:500,000 ,to 1:1,000,000 or smaller. - 

Most map units are associations, 

. 59 

Use of two orders of soil survey in the same project 

Some soil survey areas have two or more separate and distinct parts 
that have different needs. 
predictions that pertain to irrigated fanning but the other to make predic- 
tions that relate to range management. The irrigated part should be mapped 
at the intensity. required for a 1st order or 2nd order soil survey, and map 
units are mostly consociations of narrowly defined phz .s of soil series. 
The part used for grazing, however, can be mapped as 2 3rd order survey 
using associations, complexes, and some consociations of more broadly 
defined phases of soil series or of taxa above the series. Some map units 
of the two parts will consist of the same kinds of s o i l ,  but great care is 
exercised to ensure that map units for the two different orders of soil 
survey maps do not have the same names or symbols. 

For example, one part may be mapped to make 

Large separate and distinct areas that are within the same project but 

Each part is identi- 
surveyed by different methods are distinguished clearly by boundaries on 
-the published soil map or on a small-scale inset map. 
fied by a note printed parallel to the line separating the areas of each 
survey order. 
sidered as distinctly different orders of soil survey, but the results are 
reported in the same publication. 

The two parts have separate legends. The parts are con- 

The same map scale or different scales 
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nay be used €or the different survey orders, depending on the intended 
uses. 

Many 2nd order surveys delineate some map units by methods that are 

For example, within an otherwise detailed soil 
less intensive, even though the areas mapped at different intensities are 
intermingled on the map. 
map, the delineations of very steep or very stony soils are commonly 
investigated at the intensity normally used in a 3rd order survey. This is 
noted in the discussion about soil survey procedures. 

Still other soil surveys include areas consisting of two or more 
distinctive soils that could be mapped separately by detailed soil survey 
methods; however, the cost of making the separation cannot be justified. 
For example, a survey area that is mostly productive soils suitable for 
general farming may contain large areas of unproductive sandy soils covered 
with nearly impenetrable brush. 
trasting kinds of soil that could be delineated separately, the cost of 
detailed mapping to separate *e two kinds of soils may exceed the expected 
return. The outer boundaries of the sandy areas are plotted in as much 
detail and with as careful investigations as any other boundaries of the 
soil survey, but the sandy areas themselves are mapped by 3rd or 4th order 
methods. Transects are made, and the composition of the areas is defined 
in terms of the kinds, proportions, and patterns of the individual soils, 
The delineations are described in the text of the published soil survey as 
soil associations mapped by methods of the appropriate survey order. 

Although the sandy areas contain con- 

Soil Maps - Made by Other - Methods 

Even though most soil maps published by the National Cooperative Soil 
Survey are made by field investiqations, some are compiled from other 
sources. These kinds of soil maps are described in the following sections. 

Generalized soil maps 

Some users need soils information about areas larger than individual 
fields or tracts, as large as perhaps several square kilometers, but a 
detailed map tends to obscure the broad relationships. 
maps are made to reveal geographic relationships that cannot be seen 
readily on detailed maps. 
map foj,the area. 
uses. - 

Generalized soil 

Most soil survey reports include a general soil 
The scale of these maps depends on the intended 

Generalized soil maps are made by combining the delineations of 
existing soil survey maps to form larger map'units. 
map usually will find large areas in which a few soil series, commonly two 
or three, are consistently associated. A detailed map is generalized by 
enclosing those larger areas within which a few kinds of soil predominate 
in relatively consistent proportions and patterns. These larger areas are 
described in te-s of the dominant soils. The map is interpreted to show 
the combined effects of the constituent soils of each map unit. 

Scrutiny of a detailed 

-I 
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Generalized soil maps are valuable for appraising the basic soil 
resources of whole counties, f o r  assisting farm advisors in the geographic 
emphasis of their educational programs, and for-guiding commercial interests. 
Increasingly, these maps are compiled for county and regional land-use 
planning. They are valuable for predicting the general suitability of 
large areas of soils for residential, recreational, wildlife, and other 
nonfarm uses, as.well as for agriculture. They are useful to provide first 
estimates for alternative routes for roads and pipelines where the least 
problems with soils are expected. They provide valuable soils information 
as one basis for zoning. 

Soil maps that are already less detailed can be generalized further 
for purposes that require very broad perspective. For example, 3rd order 
soil surveys for individual counties at scales of less than 1:250,000 can 
be combined and generalized to provide maps of states or regions at a scale 
of 1:1,000,000 or smaller. Soil maps that show the soils of areas of a few 
kilometers can be converted to maps having delineations of a few hundred 
square kilometers or more. Areas defined as associations of soil series or 
their phases are combined in this process into larger areas that can be 
defined in terms of associations of taxa at higher categories. These broad 
soil associations can be divided into phases to specify ranges in physiography, 
soil texture, or other features if such distinctions are useful. Soil'maps 
at such levels of abstraction are used for very broad regional planning and 
other uses that focus on areas of hundreds of square kilometers. 

Schematic soil maps 

Schematic soil maps are also compiled, but they differ from 
generalized soil maps in being compiled from information other than pre- 
existing soil maps. Scale is commonly 1:1.000,000 or smaller, although 
useful maps are sometimes made at larger scales. 
commonly made as a preliminary step to locate areas where further investi- 
gation is justified. For many areas, especially in undeveloped regions, a 
schematic soil map is useful in advance of an organized field survey. Some 
maps serve as continuing references on soils in areas where more intensive 
studies are not feasible. 

Schematic soil maps are 

Schematic soil maps are made by using many sources of information to 
predict the geographic distribution of different kinds of soil. 
available data are assembled. 
geology, landforms, and other factors related to soil are gathered and 
studied. Data obtained by remote sensing techniques, including aerial 
photography, may provide useful information. Any available information 
about the soil is used to the extent justified by its quality. Some soils 
information exists for  most parts of the world. but in wild areas the 
information may be mainly notes by travelers and rough maps interpreted 
from aerial photographs without verification on the ground. 

First, all 
Information about climate, vegetation. 

A soil is the unique result of five interrelated factors: climate and 
living organisms, conditioned by relief, acting on parent material for 
periods of - time. 
able, surprisingly good soil maps can be compiled by experienced soil 

If good geographic data about these factors are avail- 
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scientists familiar with the combinations of factors that produce different 
kinds of soils. 
predicted without significant verification by field investigations. 

The boundaries and the kinds of soil within them are 

Obviously, all degrees of verification can exist between schematic 
soil maps with no direct information about soils and maps for which pre- 
dictions are verified ,at enough places to lend substantial confidence to 
the product. 
surveys without a sharp line of distinction. 

Schematic soil maps merge with 5th order (exploratory) soil 
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table 2-1 
b y  for Idantlfylng K i n d o  of Sol1 Survey 

lrvel of 
I data 

needed P -  

Approprlate 
acales for Klnd of 

fleld napping eoll 
and Publicatlon survey 

Hlnlaum 
site 

dellncatlon 
1/ Hecta.ren - 

Typlcal 
componen ta 
of sap unltn 2/ Klndn of sap unlts - Pleld praccdurer 

Very lntennlve 
( I . . . ,  erperl- 
mental plotr, 
lndlvldual 
bulldlng rlter) 

Tho roi l0  In each dellneatlon are 
ldentlfled by trannectlng or 
traverrlng. Soil boundarier are 
obnerved throughout their lenqth. 
RerJtely renaed data i r  u r d  a r  . 
an a id  In boundary dellneation. 

Tho nollr In each delineation are 
ldentlfled by transacting or 
travnrrlnq. Sol1 boundarler aro 
plotted by obrervation and lnter- 
pretatlon of remotely senned data. 
Boundarlcn arn verlfled at clonely 
rpaced lntorvalr. 

Tho rollr aro ldentlflod by tran- 
ractlnq reprerentatlvo aream vlth 
mom addltlonrl obnervatlonn. 
Boundarler are plotted rortly by 
lntorpretatlon of remotely renaed 
data and verified with rom 
obrervatlonn. 

1 or lean Phaeen of 
0011 aerlen, 
alacellaneour 
arean 

Mostly connoclationrt 
some ccmplexaa 

111S,E40 or lot order 
larger 

Consociations and 1112,000 to 
I I n,6eo caQplaxemi soma 

undlfferantiated 
and areoclated 

2nd order 0.6 ta 4 Phancr of 
r o l l  a e r l e r j  
docellaneour 
areaaj l e v  
named at a 
level above 
the nerler 

Intenalve, 
( l . e . ,  genoral 
aqrlcul tur., ' 

urban plannlnql 

A 
w 

. o  + 
u) 
VI 
3 . 

Ex ten. lve 
(l.e., range- 
land, forent 
land, coaunlty 
plannlng) 

1.6 to 256 Phaaea of , 
roll rerles 
and levclr 
above the 
nerlcnj ala- 
cellaneoun 
arean 

Mortly asrociatlona 
or complcxaaj mom 
conaoclatlonr and 
undlfferentlated 
qroupr 

1120,000 to 
11250~000 

3rd order 

Ex tenr lvo 
t i . . . ,  regional) 
plannlnq) 

The r o l l r  aro ldentlfled by tran- 
nactlng roprercntatlve bream to 

comporltlon of MP unltr. 
Boundarler m a  plotted by lnter- 
pretatlon of rerotoly menrod data. 

The roll patternr and conporltlon 
of u p  unlta are detelrlned by 
rrpplng reprarentatlvo aream 
and applylnp the inforution to 
Ilks arear by lnterpratatlon of 
rerotoly renred data. &llr  bra 
vetlfled by occarlonal onrlte 
lnvertlgatlon or by traverring. 

detemlno .Oil pattern. M d  

40 to 
4.000 

Ph40eO Of 
levelm & o v a  
the r e r l e r j  
rlacellaneouo 
r r e a r j  phamer 

Icontly annociatlonrj 
aoae conmoclatlonn, 
,complexen, and 
undlfferentlated 
group8 

l:l00,000 to 4th order 
111,000,000 

Very extenrivo 
( I . . . ,  rolec- 
tlonn of rrear  
for more 
Intennlvo 
.tu*) 

1,000 to 
4,000 

Phaaer of levelr 
above thd rcrlerj 
BhCelhneOUr 
atoar 

Air OOC 1 at ion I 
row conroclatlonr 
and undlfferentlsted 
group0 

1:500,000 to 5th order 
111,000,000 
or w l l e r  

tn practice, the mlnlrru rlre dellneatlono a t e  

"Yhere applicable, a11 klndn of r s p  unltr (conroclatlono, complex, asroctation, undlffecantlnted) can ba uaed ln  any order of 0011 aurvey, 
and they are not ldentlfled am a particular order of MP unit. 



Table 2-2 
Guide to Map Scales and Minimum Delineation Size 

f Inches Minimum siz 
Map scale per mile delineation 

ac,res hectares 

1:500 126.7 . 0.0025 0.001 
1: 2,000 31.7 0.040 0.016 
1:5,000 12.7 0.25 0.10 
1:7,920 8.00 0.62 0.25 
1: 10,000 6.34 1.00 0.41 
1: 12,000 5.28 1.43 0.57 I 

1 : 20,000 3.17 4.0 1.6 
1: 24,000 7 1/2') 2.64 5.7 2.3 I 

1 : 31,680 2.00 10.0 4.1 
1:62,500 15') 1.01 39 15.8 
1:63,360 1.00 40 16.2 
1: 100,000 0.63 100 40.5 
1:125,000 0.51 156 63 

1: 300,000 0.21 897 363 I 

1: 750,000 0.084 5,600 2,270 I 

1:1,000,000 0.063 10,000 4,000 

1: 7,500,000 0.0084 560,000 227,000 
1:15,000,000 0.0042 2,240,000 907,000 
1:30,000,000 0.0021 9,000,000 3,650,000 

77,000,000 31,200,000 1:88,000,000 0.0007 

1: 15,840 4.00 2.5 1.0 

I 

I 1: 250,000 0.25 623 252 

1 : 500,000 0.127 2,500 1,000 I 

1: 5,000,000 0.013 249,000 101,000 

'The "minimum size delineation" is taken as a 1/4-inch square area (1/16 
sq. in.). Cartographicaly, this is about the smallest area in which a 
symbol can be printed readily. Smaller areas can be delineated, and the 
symbol lined in from outside, but such very small delineations drastically 
reduce map legibility. 

I 

2-15 

(430-V-SSM, Jan. 1984) 



.Illustration Legend 

Figure 2-1. The same map printed at three scales: A ,  1:20,000; 
B,1:31,680; C, 1:63,360 (equivalent to 3, 2, and 1 inch'to 1 mile). 
The numbers within individual delineations are the acreages of the 
areas represented. One acre equals about 0.4 ha. 
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Footnotes 

I'Many of the terms used here to describe orders of s o i l  surveys are 
explained in other parts of this Manual. 
"delineations ,'I "map units ,'I "phase , I 1  "complex, " "consociation, " 
"association," "group," "similar soil," "dissimilar soil," "limiting 
dissimilar soil," and "inclusion"; soil survey legends are discussed in 
Chapter 6. 
mapping procedures. The levels of soil classification are explained in 
Chapter 5 of soil Taxonomy. 

Chapter 5 explains 

Chapter 3 explains maps and map scales, and Chapter 7 explains 
' 

Z'An example is the "Exploratory Soil Survey of Alaska", (Charles E. 
Kellogg and Iver J. Nugard, U.S. Dep. Agric., Agric. Monogr. 7, 1951). For 
comparison, the map of "The Soils of the Rosetown Map Area" in Saskatchewan 
(J. G. Ellis, D. F .  Acton, and H. C. Moss; Univ. Saskatchewan, Ext. Div., 
Ext. Publ. 202; 1970) was made at an intermediate scale with intensive 
field verification and much preexisting information about the soils. 
survey uses somewhat different conventions for naming soils than those 
described in this Manual. 1 

(This 

I 

Z'The general soil map of Shawnee County, Kansas, (U.S .  Dep. Agric., 
Soil Conserv. Serv.: 1970) for example, has a scale of about 1:190,000. 
That in the published soil survey of Gwinnet County, Georgia, (U.S. Dep. 
Agric., Soil Conserv. Serv.; 1967) has a scale of about 1:62,500. Some 
generalized soil maps are made for special publications. A n  example is the 
map compiled from existing maps to a scale of 1:250,000 prepared for  town 
and country planning in a five-county area in New York where farm and 
nonfarm uses are competing for the land (Gerald W. Olson, John E. Witty, 
andRaymond L. Marshall: Soils and Their Use in theFive-County Area Around 
Syracuse; New York.State Coll. Agric., Cornel1 Misc. Bull. 80; 1969). a 
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NSH - Appendix I 
Chapter 3 

Chapter 3 

Prepar ing  f o r  flapping 

Plaooing of I r o i l  survey  should s t a r t  w e l l  i o  advance of f i e l d  u p p i n g .  fl.0~ 
t echn ica l  d e t a i l s  a re  involved.  Besides  t h e  s o i l  s c i e n t i s t s  i n  t h e  f i e l d  and ' 

l abo ra to ry ,  expe r t s  i o  m~oy d i f f e r e n t  s p e c i a l t i e s  M Y  be involved, i nc lud ing  
g e o l o g i s t s ,  engineers ,  p l a n t  s c i e n t i s t s ,  p h O t O g r a ~ t r i S t S ,  Cartographers ,  
draftsmen , e d i t o r s  , and o t h e r s .  

This  chapter  desc r ibes  what needs t o  be done before  mapping begins .  
d i scusse r  work p l ans ,  s t a f f i n g ,  equipment and supp l i e s ,  base m p s  and r e l a t e d  
car tographic  ma te r i a l ,  and p re l imina ry  f ie ldwork.  

I t  

The United States Department of Agr i cu l tu re  is responsible  f o r  Federa l  
l eade r sh ip  of t h e  Nat iona l  Cooperat ive s o i l  SUrPCy. 
JO agency in each of t h e  S t a t e r ,  most co-only the a g r i c u l t u r a l  experiment r u t i o n  
of t h e  land g r a n t  u n i v e r s i t y ,  under a f o m a l  memorandum Of uoderstanding.  
agencies- local ,  S t a t e  , o r  Federal--cooperate  on ind iv idua l  surveys under s e p a r a t e  
formal a g r e e n t r .  
cooperator  w i th in  the framework of t h e  memorandum of understanding. 
p a r t i c i p a t i o n  of a t h i r d  p a r t y  can a f f e c t  the interests o f ' b o t h  of t h e  p r i n c i p a l  
coopera tors ,  t h e  one making such an . ag reeocn t  must f i r s t  c o n s u l t ' v i t h  t h e  o t h e r .  
The agreements take a v a r i e t y  o f  forms, depending on procedures of t h e  agenc ie s  
concerned. 
personoel ,  equipment, and t e c h n i c a l  services. 

The Department Cooperates  wi th  

Othe r  

These agreements may be made by eitber the  Federa l  o r  the S t a t e  
Becaure 

They cover a v a r i e t y  of c o n t r i b u t i o n s  including f i n a n c i a l  a s s i s t a n c e ,  

Other agencies ,  fixms, and ind iv idua l s  -&e surveys of s o i l  o r  of s o i l  
condi t ions  independently of the  National Cooperat ive S o i l  Survey. 
am11 t r a c t s  of land a r e  made -by p r i v a t e  consu l t an t s .  . Some agencies  make s p e c i a i  
surveys of s o i l  condi t ions  f o r  s p e c i f i c  purposes .  
surveys" as descr ibed i o  t h i s  h o u a l .  
cooperators  map soils as i n t e g r a l  p a r t s  of t h e i r  programs and adhere t o  s t a n d a r d s  
of the National  Cooperative S o i l  Survey so t h a t  t h e i r  work maybe inc luded  io t h e  
na t iona l  program. 

b o y  s u m e y s  of 

Host of these  would oot  be  "soil 
Some agencies  ocher than  the  p r i n c i p a l  

S o i l  surveys in  each State  a r e  scheduled in long term p l sn r .  Any local, 
S t a t e .  o r  Federal  agency MY propose a new S O 1 1  rurvep.  New surveys a r e  added t o  
the schedule  according t o  e s t a b l i s h e d  p r i o r i t i e s .  

The  Hemorandum of understanding 

The memorandum of understanding bctvecn t h e  respons ib le  Federa l  agency and t h e  
p r i n c i p a l  S t a t e  cooperator  d e s c r i b e s  the b a s i s  of t h e i r  co l l abora t ion  i n  g e n e r a l  
terms. 
understanding $ f o r  each s u m e y  area .  

Spec i f i c  comitments and o b l i g a t i o o s  a r e  def ined in a memorandum of 

The memorandua of understanding c l e a r l y  s t a t e s  t h e  reasons f o r  making t h e  6 0 x 1  
sumey ,  what t h e  work w i l l  e n t a i l ,  how it W i l l  be done, t h e  s c a l e  t o  be used i n  t h e  
f i e l d  and f o r  publrcatzon,  and who is  r e spons ib l e  f o r  the var ious  a s p e c t s  of 
opera t ions .  
cooperat ing agency. 

The memorandum xs s igned  by au thor ized  r ep resen ta t ives  of  each 

The contents a n d  f o m t  of s o i l  survey a r e a  memoranda of understanding v a r y  i n  
d e t a i l ,  but the fol lowing i tems a r e  s i g n i f i c a n t  p a r t s  o! m o s t :  
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NSH - Appendix 1- 
Cha'pter 3 

1. Desc r ip t ion  of t h e  area t o  be sunreyed.  The survey area  may be descr ibed  . 
by giving t h e  name and s i z e  uhere i t  corresponds vith a defined land a rea ,  such a s  
J county o r  o t h e r  p o l i t i c a l  subdivis ion.  For some a r e a s .  t he  loca t ion  and 
boundaries have t o  be  def ined geographicr l ly ,  perhaps by a ske tch  map. A b r i e f  
d e s c r i p t i o n  of t h e  physical  f ea tu re s  of t h e  a r e a  is included as background. 

2. flapping spec i f l ca t ions .  Guideline; f o r  des igning  map u n i t s  and 
determining t h e i r  composition should be provided. If d i f f e r e n t  l e v e l s  of i n t e n s i t y  
of f i e l d  i n v e s t i g a t i o n  a r e  t o  be used, gu ide l ines  should exp la in  t h e i r  r e l a t i o n s h i p  
t o  purpose of t h e  sumey ,  m p  u n i t  cospor i t i on ,  and in te rprcC8t lons .  
r i t e  of each kind of map u n i t  should be r t a t e d .  

The minimup 

3. cooperating auencier .  The memorandllP of understanding i d e n t i f i e s  411 of 
the coopera t ing  saencies, i n d i c r t e s  which has 
l eade r sh ip ,  and s p e c i f i e s  the  con t r ibu t ions  t h a t  each  w i l l  make. 
surveys.  i t  s p e c i f i e s  w b t  personnel,  equipment or f a c i l i t i e s .  f i n a n c i a l  
con t r ibu t ions ,  or s a r v t c e s  vi11 be provided by each a6Cnq.  
mre genera l  i n d i c a t i o n  of each agency'8 r o l e  1S  adequate.  
of each agency must be c l e a r l y  understood and recorded i n  v r i t i n g  in whatever 
d e t a i l  is necessarp f o r  o rde r ly  opera t ions .  

Purposes of t h e  survey. 

r c s p o n s i b i l i t f  f o r  providing 
For some s o i l  

For other  r u r ~ e y s ,  
The r o l e  and func t ioa  

1. S o i l  surveys  8hould provide  information f o r  the 
r p e c i f i c  needs of the survey ares .  The memorandum of  understanding should c l e a r l y  
spec i fy  t h e  p r i n c i p a l  purposes o f  t he  survey, such 8S eva lua t ing  area8 f o r  
r e s i d e n t i a l  development, r e l e c t l n g  rreas s u i t a b l e  f o r  r e c r e a t i o n ,  growing high 
value  cash grain crops,  o r  p h o n i n g  on i nd iv idua l  farms. 
necessary t o  determine map s c a l e  Jnd t o  info- the moll scientists ubo v i11  do the 
mapping and make t h e  i n t e r p r e t r t i o n r .  

'rhis i n f o r r r t i o n  is 

5 .  S t a f f .  fbe number. and names, if p o r s i b l e ,  o f  s o i l  sc ien t i s t s  and o t h e r s  
vho vi11  be a s s i m e d  to the rumey,  and t h e  agency empioying each mhould be l i s t e d .  
The name and agency of t h e  pa r ty  l eade r  should be given, for the p a r t y  l eade r ,  more 
than on aoyone else, i r  reaponsible  f o r  t h e  q u a l i t y  of the  product  and the 
e f f i c i e n c y  of t h e  vork. 

6 .  Equipment. Spec ia l  equipment t h a t  may be needed and t h e  agency t h a t  w i l l  
provide it,. 4s w e l l  a s  the  kinds of veh ic l e s  t o  be used f o r  t r r n s p o r t ' s b o u l d  be 
descr ibed.  Tools, equipment. and, rupp l i c s  Ut a r e  used r o u t i n e l y  in most so i l  
survey. need not be l i s t e d  uniesr chert ir  a special reason t o  do BO. 

7. Kind of mapping b a r e  f o r  f i e ldvork  and p u b l i c r t l o n .  The eemorandw of 
understanding s D e c i f i t s  the kind  of mapping base t o  be used ( a e r i a l  photographs,  - .  
topographic maps, or o t h e r s )  and the  S C 8 l C .  source  and 18SUL d a t e  of t h e  u p s .  
Those vho have t h e  most need f o r  the survey infoxmation p a r t i c i p a t e  in t h e  
se l ec t ion .  
t h i r  staue, and t&t s e l e c t i o n  should not b e  Chlnged du r ing  the survey. 
bare  must s a t i r f y  the  survey ob jec t ives  y e t  be  a8 eConoriC81 18 p o s r i b l t  f o r  a 1 1  
oper s t ion r .  Poor aapping brses  inc rease  f i e l d  c o l t s .  
f o r  t h e  ob jec t ives .  
has s t a r t e d ,  g r e a t l y  increases  publ ica t ron  C0.f. 

8.  

A s a t i s f a c t o r y  u p p i n g  base i 8  s e l e c t e d  froa p o s s i b l e  a l t e r a a t i v e s  a t  
The mappang 

The S C s k  must be adequate  
A sca l e  t h a t  is too l a r g e ,  o r  change i n  s c a l e  a f t e r  mapping 

Laboratory and o the r  s p e c i a l  s t u d i e s .  SpCCi8l s t u d i e s  are planned ae  the 
The agencies  respons ib le  a r e  s p e c i f i e d ,  and beginning of the survey i f  poss ib le .  

r ep resen ta t ives  of the l abo ra to r i e s  t h a t  v l l 1  do t h e  Work p8r t lC lp8 te  i n  t h e  
decirions. 
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9. I n t e r p r e t a t i o n s .  The purporcr  f o r  making a soil survey imply w h a t  
In t e rp re t a t ions  
Individuals  o r  agencies  r e r p o n s i b l e  should be i d e n t i f i e d .  
provide data  neccsrary  f o r  i n t e r p r e t a t i o n  and the i nd iv idua l8  o r  agencies  
responsible  are a l s o  s p e c i f i e d .  
maps o r  r epor t s  are included.  

a r e  e r s e n t i a l .  The major i n t e r p r e t a t i o n s  LO be made and the  
Spec ia l  r t u d i e s  t o  

Any p lans  f o r  p repub l i ca t ion  issue of i n t e r p r e t i v e  

10: Publ ica t ion  p lans .  P.lans f o r  p repa ra t ion  of t h e  text a r e  i n d i c a t e d .  The 
names of the  i n d i v i d u a l r  r e rpono ib le  f o r  U r l t i n g  the r e p o r t  and the  agenc ie s  
respons ib le  f o r  f i n a l  p u b l i c a t i o n  are given. 

11. Schedule. The memorandum of understandin8 inc ludes  the  d a t e  f ie ldwork 
w i l l  s t a r t  and es t imated  d a t e r  t h a t  (1) f i e lduork  W i l l  b e  c o q l e t e d ,  ( 2 )  f i e l d  maps 
will be ava i l ab le  f o r  f i n a l  compi la t ion ,  and ( 3 )  t h e  t e x t  W i l l  be a v a i l a b l e  f o r  
e d i t i n g .  An es t imated  p u b l i c a t i o n  d a t e  i s  a180 given.  

12. Other items. E x i s t i n g  r e fe rence  m a t e r i a l  about  ro i l s ,  r e l i e f ,  geology,  
or vegeta t ion  may be c i t e d .  Required pre l iminary  8tUdle8 are  de tc r ibed .  
condi t ions in t he  a rea .  s p e c i a l  arrangement8 f o r  conducting the  SUNCY,  and o t h e r  
important f ac to r s  a r e  also noted. 

S p e c i a l  

After i t  is approved tbe wmorrndum of understanding may have t o  be amended 
during t h e  course of the  survey  t o  a c c o m d a t c  UfOre8een circum8tances.  
cooperators must ag ree  t o  any amendmentr* rod au tho r i zed  r e p r e r c n t a t i v c r  of each  
agency murt rig0 the amendment document. 

A l l  

The signed memorandum, wi th  any AmendmeOtS, i8 8 record of t he  reasons, s t a f f ,  
m a t e r i a l s ,  methods, and r e s p o n s i b i l i t i e s  f o r  surveying  t h e  s o i l s  of an area: I t s  

. e s s e n t i a l  elements are  t h e  same a8 t hose  f o r  any well-conceived research  p l an ,  and 
1t serves  the  same func t ions .  It is the document t h a t  govern8 t h e . s o i 1  survey from - 
s t a r t  t o  c o q l e t i o o .  

I 

S t a f f i n g  

A par ty  leader  is i n  Charge of and 18 r e rponr ib l e  f o r  t h e  Survey. 
s c i e n t i s t s  are r s r igned  as needed t o  a r S i S t  in Mpping the  a r e a .  in c o l l e c t i n g  
technica l  daLa, 4nd in p e r f o m i n 8  o t h e r  d u t i e s .  
labor  can be e f f e c t i v e l y  used f o r  manual ta8k8. 
professionals i n  other d i r c i p l i n e r  18 he lp fu l  i n  making i n t e r p r e t a t i o n s  and i n  

Addi t iona l  r o i l  

In 8ooC 8Umey area., unsk i l l ed  
Timely r h o r t - t e r n  arrignment of 

meeting t he  p U r p O 8 e S  o f  the 8 O i l  8UWey. 

Qual i ty  and e f f i c i e n c y  o f  r o i l  survey8 are U S U l l y  iocrearcd  i f  t h e  same r o i l  
s c i e n t r r t s  complete the work v i t h i n  a feu yC8r8. 
and procedure8 can be kept c o n s i s t e n t  and 8 U p  Of uniform Q w l i t y  can be produced. 
A l s o ,  a r i n 8 l e  p a r t y  l e a d e r  u s u a l l y  Can d i r e c t  the ent i re  survey,  and f e w  o r  no 
changes w i l l  be made in the s t a f f .  

*et 8 shor t  t i m r p a n ,  concepts  

The p a r t y  l eade r  

The pa r ty  l eade r  is r e spons ib l e  f o r  supe rv i s ing  f ie ldwork and f o r  keeping its 
Supervisory s t a f f  can help,  and they  can appr8iSe t h e  e f f e c t i v e n e s r  q u a l i t y  h i g h .  

of  a leader:  b u t  they cannot g ive  day-to-day d i r e c t i o n  of t h e  survey and main ta in  
I t s  s tandards.  
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A par ty  l eade r  con t inua l ly  t e s t s  t h e  mapping legend.  S o i l  mapping and legend 

Other members 
t e s t i n g  must be done i n  the  f i e l d .  The p a r t y  l e a d e r  works with  the  o t h e r  members 
of t he  f i e l d  p a r t y  t o  so lve  t h e  problems they  encounter  i n  mapping. 
of the f i e l d  p a r t y  and users of t h e  survey are also consul ted  i n  i n t e r p r e t i n g  t h e  
s o i l s  and t e s t i n g  t h e  legend a g a i n s t  t h e  o b j e c t i v e s  of  the survey. 

A s  mapping progresses ,  t he  p a r t y  l eade r  reviews t h e  f i e l d  work of  t h e  f i e l d  
p a r t y  f o r  un i formi ty  of d e t a i l ,  s o i l  i d e n t i f  i c a t i o n .  accuracy of s o i l  boundaries ,  
and car tographic  l e g i b i l i t y .  He detexmines t h a t  the d e l i n e a t i o n s  are adequate f o r  
t he  ob jec t ives  and t h a t  they do o o t  con ta in  unneeded d e t a i l .  
mapping of each member of t he  p a r t y  and,  wi th  them, decides  what adjustments  a r e  
needed. 

He reviews samples of 

The p a r t y  l e a d e r  c w n l y  t r a i n s  some o f  t h e  f i e l d  s t a f f ,  thereby con t r ibu t ing  
t o  t he  q u a l i t y  of mapping. 
b e g i ~ i n g  s o i l  s c i e n t i s t  does not have the  s k i l l  necessa ry  f o r  independent mapping, 
and t h i s  s k i l l  must be developed. 
checf r  of t h e i r  mapping are  needed. 
l e a r n  t h e  soil r e l a t i o n s h i p s  i n  t h e  survey  Area. 

Inexperienced s o i l  oc ien t i r t r  o u s t  be t r a ined .  A 

As nev people  g a i n  exper ience ,  continued f i e l d  
Experienced vo rke r s  from other areas must 

The par ty  l eade r  murt tee t h a t  the  f i e l d  s h e e t s  are  l e g i b l e ,  complete. and 
jo ined .  
manuscript  f o r  t h e  publ i rhed  s o i l  oumey,  a l though o t h e r s ,  b o a  s o i l  sc ient is ts  and 
s p e c i a l i s t s  i n  o t h e r  d i s c i p l i n e s ,  MY supply  f i e l d  notes and p.9 write var ious  
s e c t i o n s  of t h e  manuscript  under t h e  p a r t y  l e a d e r ' s  d i r e c t i o n .  
has the  major r e s p o n s i b i l i t y  f o r  i n t e r p r e t a t i o n s  of the s o i l s ,  though s p e c i a l i s t s  
i n  o the r  d i c c i p l i n e r  c o n t r i b u t e  important  p a r t s .  

He is u s u a l l y  respons ib le  f o r  v r i t i n g  much of t h e  t e x t  and assembling the  

l'he p a r t y  l e a d e r  . 

From t h e  s t a r t  of survey u n t i l  t h e  maps and t e x t  a r e  s u b s i t t e d  f o r  
pub l i ca t ion ,  t he  d u t i e s  of a p a r t y  l e a d e r  focus on mainta in ing  i n t e r n a l  q u a l i t y  
and J C C U r r c y .  In a d d i t i o n ,  a p a r t y  l e a d e r  Work8 with cuperv lsory  S t a f f  t o  i n su re  
t h a t  t he  mapping, t he  c l a o s i f i c a t i o n  and i n t e r p r e t a t i o n s ,  rod t h e  P u r e r i a l  f o r  
pub l i ca t ion  conform t o  s tandards  of t he  Nat iona l  Cooperat ive S o i l  survey.  

Survey p a r t y  s t a f  f 

The nuder of perrona needed f o r  a s o i l  survey depends on u a y  f a c t o r r .  
schedul ing of the v o r t  and t b c  pro jec t ed  d a t e  of c o a p l e t i o n  d i c t a t e  input  of 
persowel over  a s p e c i f i e d  per iod  of t ime .  
s o i l  p a t t e r n s ,  t he  kind of survey snd t h e  ref inement  of  map unit8 requi red  f o r  its 
ob jec t ives ,  t h e  a c c e s s i b i l i t y  of Lhe areas t o  be mapped and t h e  ease or  d i f f i c u l t y  
o f  t r a v e r s e ,  rod t h e  e r p e r i e o c t  and p r o f i c i e n q  of mappers d e t e r r i n e  the r a t e  of 
progress .  C h ~ r a c t e r i t a t i o n  and i n t e r p r e t a t i o n  of s o i l ,  assembly o f  f i e l d  no te s ,  
and p repa ra t ion  of manuscript  u p 8  and text8 f o r  pUbliCJtiOn a l s o  r equ i r e  personnel  
and time. The coopera t ing  agencies  must either prov ide  t h e  persomiel needed to 
complete t h e  v o r t  by the s p e c i f i e d  time o r  a d j u s t  the p r o j e c t e d  date of completion 
t o  the  per ronae l  a v a i l a b l e .  

Tbe 

Fac to r s  such as L h C  compkxi ty  of t h e  

The a b i l i t i e s  of workers a r e  important  factors.  B e C J U S e  an inexperienced 
worker can a t  f i r s t  do only  a l imi t ed  amount of mapping of acceptab le  q u l i t y  and 
bccauce un experienced soil sc ien t i s t ' s  t h e  is requ i r ed  for t r a i n i n g  t h e  n w  
worker, t he  n e t  accomplishment ir usual ly  very  small for the f i rs t  s i x  wnthr of 
tbe oev person's time. 
l e a n  the r e l a t i o a r h i p s  among soils and landscaper i n  a new a r e a ,  e s p e c i a l l y  i f  

Time must be allowed f o r  even experienced surveyors  t o  
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t h e i r  experience has  been i n  d i f f e r e n t  environments.  
a l s o  requi re  s p e c i a l  s k i l l a  and knowledge t h a t  are acquired through exper ience  as 
ve l1  a s  t r a i n i n g .  

A c t i v i t i e s  o t h e r  than  mapping 

The SfJminJ  of workers is an important cons ide ra t ion .  Fieldvork is PhySicJl ly  
demanding. 
good phys ica l  c o n d i t i o n  can work e f f i c i e n t l y .  

I n  arear o f  rugged r e l i e f  o r  dense vege ta t ion  only  those  who a r e  i n  

Some surveys can  be acce le ra t ed  by jud ic ious  USC of  subprofess iona l  a s s i s t a n t s  
f o r  rout ine  work, Such a s  inking f i e l d  mapa, LabulJ t ing d a t a ,  and mearuring t h e  
a rea  of map u n i t s .  
p rofess iona l  s o i l  s c i en t i s t s  d i r e c t l y  in mpping .  
map areaa and t o  c o l l e c t  survey da ta  and lnfOrrP8tfOt1 under rupe rv i r lon  of t h e  par ty '  
l eader .  
excavat ions,  c u t t i n g  lines through dense vegeta t ion ,  and o t h e r  t a sks .  

I n  some S U N C Y S ,  subprofes6iOnJi workers t J 0  a s s i s t  
Tcchnlciana Can be t r a i o e d  t o  

In some surveyr  unsk i l l ed  labor  can be uaed e f f e c t l v e l y  f o r  -king 

Many factors must  be considered i n  d e t c m i n i n g  the S t a f f  requi red  f o r  a r o i l  
survey. 
es t imates  in  the memorandum of underr tandlng.  

Equipment 

The personnel  need8 must be r e f l e c t e d  In t h e  schedule  and i n  personae l  

nany kinds of equipment a re  used in  s o i l  aurvey f i e l d  o p c r a t i o n r .  Equipment 
f o r  t r a n s p o r t a t i o n ,  f o r  desc r ib ing  and. sampling ~0118, and f o r  mapping a r e  
descr ibed in a i r  r e c t i o n .  Some s p e c i a l i z e d  kinds of  equipment are descr ibed  'in 
t he  sectiona t h a t  d e a l  wi th  t h e i r  U s e .  

Transpor ta t ion  

F ie ld  o p e r a t i o n s  of t he  s o i l  survey r equ i r e  t r a n s p o r t i n g  workers,  equipment, 
suppl ies ,  and s o i l  rampler .  
t h e i r  d a i l y  ope ra t ions .  
t he  f i e l d  is l a r g e  and mainly unproductive.  
t r a v e l  time as rmll as p o r r i b l e .  

Vehicler a r e  provided t o  the S o i l  survey p a r t y  f o r  
The tme spent by s o i l  S C i e n t i S t S  t r a v e l i n g  t o  and from 

Enough v e h i c l e s  a r e  provided t o  keep 

Addit ional  equipment ured f o r  apec ia l  purposer o r  f o r  s h o r t  pe r iod r  is u s u a l l y  
rented o r  supp l i ed  as needed. 
ode o f  t he  agencies  du r ing  a f i e l d  reviev.  
not readi ly  reached by ground t r anspor t .  

A passenger Van. f o r  exJmQ1e. 8sy be fu rn i shed  by 
A i r c r a f t  may be ren ted  t o  v i s i t  a r e a s  

The u8es of v e h i c l e s  vary  widely from one a rea  t o  another .  In some a r e a s ,  
t r a v e l  i s  mainly on roads ;  i n  o t h e r  a r e a r ,  veh ic l e s  mu8t be used t o  t r a v e l  a c r o r r  
c o r m t r y  dur ing  mapping or t o  reach remote Sites f o r  Soli s t u d i e r .  Some v c h i c i c r  
must car ry  power equipment o r  p u l l  t r a i l e r r .  A l l  v e h i c l e s  t h a t  a r e  provided f o r  
use should C J r q  workers e f f i c i e n t l y  and i n  Comfort and 8 8 f e t f ,  hold t h e  equipment 
used r egu la r ly  and have some reserve capac i ty  LO 8CC01~~0dJte  an e x t r a  load ,  and 
pro' tect  workers and equipment from adver re  vea ther .  

In areas v i t h  good roads i n  which l i t t l e  off-road t r a v e l  is requ i r ed ,  
passenger v e h i c l e s  v i t h  l a r g e  t r u n k s  a r e  a d e q u t e .  

In many a r e a s ,  pickup t rucks  a r e  d e s i r a b l e .  Trucks a r e  a v a i l a b l e  v i a  
optlonal  equipment t h a t  r a y  be usefu l  i n  some areas .  Optional  equipment inc ludes  
four-speed t ransmisc ions  f o r  mountainous and off-road t r a v e l ;  four-wheel d r i v e  f o r  
a f f - r o a d  t r a v e l  under adverse  condi t ions ;  h igh  Clearance f o r  t r a v e l  over rough o r  

5 
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s t o n y  a r e a s ;  o v e r s i z e  r a d i a t o r s  f o r  u s e  i n  h o t  C l i m J U t C S ,  f o r  use where the t r u c k  
eng ine  w i l l  be i d l e d  f o r  long p e r i o d s ,  o r  f o r  u s e  w i t h  pover p robes ,  a u g e r s ,  o r  
vinches powered by t h e  t r u c k  engine; s p e c i a l  t i r e s  and wheels fo r  unusual wet, 
rocky. o r  sandy c o n d i t i o n s ;  and s p e c i a l  bod ie s  o r  t r u c k  beds fo r  mounting and 
s t o r i n g  s p e c i a l  equipment ( f i g u r e  3-1). I n  Some remote a r e a s  v e h i c l e s  might be 
equipped with two-way r a d i o s .  
d i sadvan tages  rod l i m i t a t i o n s  s u c h  JS i n c r e a s e d  i n i t l a 1  c o s t ,  i n c r e a r e d  o p e r a t i n g  
and maintenance c o s t ,  i n c r e a s e d  dova t ime  f o r  t h e  t r u c k ,  d i f f i c u l t y  i n  Gb ta in ing  
replacement P a r t s ,  a d e c r e a r e  io  the t r u c k ' s  hand l ing  q u a l i t i e s ,  aod a d e c r e a s e  i o  
its road speed. 

The v a r i o u s  k i n d s  Of  o p t i o n a l  equipment have v a r i o u s  

S p e c i a l i z e d  v e h i c l e s  a r e  oecerrary in rome .rear. Tracked v e h i c l e 8  ( f i g u r e  
3-2) and a l l - t e r r a i n  v e h i c l e s  (AIV'r) may be needed ia v e r y  rugged a r e a s .  Harsh 
buggies  with l a r g e  buoyant tire8 aod airboat8 are ured  10 Sva-8 rod  mrsher. 
S o o w o b i l e s  provide a c c e s s  i n  winter t o  some n o r t h e r n  8VaSp# where t r a v e l  is  
impossible  o r  i m p r a c t i c a l  i n  o t h e r  s e a s o n s .  
could othervise be reached only by v a l k i n g .  
i n  r e l a t i v e l y  i n a c c e s s i b l e  areas. 
a r e a .  
o p e r a t o r s  can b e  high.  Time is needed f o r  CranSpOrt, maintenaOCe, and t r a i n i n g .  
Some kinds of equipment a r e  h a z a r d o u s  to Opera te .  
damaged by t h e  equipment.  

T r a i l b i k e s  CIO be u8ed i n  a r e a s  t h a t  
S p e c i 8 l i z e d  v e h i c l e s  must be r e l i a b l e  

The equipment murt  be t r an8pOr ted  t o  t h e  U s e  

Costs of buying o r  renting t h e  equipnnnf ,  u i o t r i n i o g  i t ,  rod t r a i n i n g  

SeOt l t iVe  eCOSy8tempr may be 

A i r c r a f t ,  p ~ r t i c u l a r l y  h e l i c o p t e r s ,  a r e  uaed i n  8-  r o i l  suweys t o  t r a n s p o r t  
v o r k e r r  rod equipment and t o  p r o v i d e  b road  view8 of l andscape  and v e g e t a t i o n .  
A i r c r a f t  a r e  u s e f u l  f o r  p h o t o g r a p h i n g  l a n d s c a p e r ,  8011 p I t t e r n 8 ,  rnd l and  u s e .  
A v a i l a b i l i t y ,  c o s t ,  and l a c k  of c o n v e n i e n t  l a n d i n g  Si tes  a r e  t h e  -in l i m i t a t i o n s .  

Tools  f o r  examining t h e  soil 

A s o i l  s c i e n t i s t  examines o f t e n  i n  t h e  c o u r s e  Of M p p i n g  the r o l l .  most 
important  t o o l s , a r e  A spade  aod  J s o i l  auge r .  
s o i l  s e c t i o n s  f o r  examina t ion ,  sampling, and photography.  I n  role  areas ,  a rpade  
i s  used r o u t i n e l y  t o  examine t h e  soil. Auger8 a r e  u8ed in molt are88 f o r  r o u t i n e  
mapping. They are f a s t e r  and more conven ien t  t h a n  Spades.  10 so i l8  f r e e  of  rock 
frag&nts.  probes p rov ide  samples w i r h  s t r u c t u r e  i o u c t .  Mere . . p r o b e  o r  a u g e r  is 
r e g u l a r l y  used f o r  examining the soil, rome p r o f i l e r ' n e e d  t o  be  expo led  w i t h  a 
spade r ad  examined a 8  a check. Power equipment 18 Of ten  u red  t o  a8ve time and 
e f f o r t .  Various sma l l  i n s t r u m e o t r  may be u red  t o  examine t h e  r o l l .  

A rpade  o r  rhove l  i r  used t o  expose 

Spades ,  s h o v e l s ,  p i c k s ,  and ba r s . - -For  c o l l e c t i n g  r a n p h r ,  e s p e c i a l l y  a f t e r  4 

pre l imina ry  e x c a v a t i o a  has  been made,  a f l a t - b l a d e d ,  s q u a r e p o i n t e d  spade ( f i g u r e  
3 - 3 A )  i s  most convenient .  Tbe b e s t  spade  f o r  o r d i n a r y  u r e  i o  m p p i o g  is a t i l e  
spade or a p o r t - h o l e  spade  ( f i g u r e  3-3B, C )  t h a t  has  been modif ied by c u t t i n g  o f f  
the s h a r p  co rne r s .  A tile s p a d e  h a t  a rouoded p o i n t  aod t a p e r s  a t  t h e  end. 
s u p e r i o r  t o  A pos t -ho le  spade  f o r  s t o o y  and g r a v e l l y  80118. 
and t i l e  spades a r e  coamonly 30 t o  45 a long. 
long-handled spoon-type s h o v e l  18 u s e f u l .  

I t  is 
b l a d e s  of  p o r t - h o l e  

Where deep holes a r e  r e q u i r e d ,  a 

A b e r w  crowbar and p i c k  may be needed t o  p e n e t r a t e  drp, cemented, o r  coapac t  
l a y e r s .  
dry, stony.  o r  g r a v e l l y .  
s a t i s f a c t o r i l y  i n  some roils, b u t  commonly t h e  h e a v i e r  cooven t iooa l  mat tock with A 

long handle is b e t t e r .  
c h i s e l .  F o r  moist  s o i l s  and t h o s e  c o n r a i n i n g  many woody r o o t s ,  t h e  chzrel  p o i n t  is 

A mattock 1s e s p e c i a l l y  u s e f u l  f o r  making holes  in l o l l s  t h a t  are h a r d ,  
A small a m y - i s s u e  t r e n c h r n g  p i c k  ~111 ceme 

One prong  is s h a r p l y  p o i n t e d  sod t h e  other is made a 8  

6 
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use fu l ;  f o r  dry s o i l s ,  t he  sharp poin t  i s  more e f f e c t i v e .  A g e o l o g i s t ' s  haamer, 
one end of  which can be used a s  a pick ,  is also use fu l  i n  examining rocks and t h e  
s o i l  i n  cu t s .  

A post-hole  d igger  is  use fu l  f o r  removing deep s o i l  m a t e r i a l  f o r  examination. 

I t  removes the r o i l  u i t b  less d i s tu rbance  of s t r u c t u r e  than 

' 

A digger  is heavy and i r  used mainly f o r  sampling a t  t he  bo t ton  of p i t a  where  
digging is d i f f i c u l t .  
most kinds of a u g e r s .  

Augers.--The screw, or worm, s o i l  auger ( f i g u r e s  3-3D and 3-4A) is e r r e n t i a l l y  
l i k e  a wood auger  and ranges from about  2 $  t o  4 cm i n  diameter .  
about 15 cm long,  a n d . t h e  d i s t ance  betueen f langer  
I f  t he  d i s t aoce  betvecn f langes  i r  less, removing the  r o i l  w i th  tbc thumb is 
d i f f i c u l t .  In c layey  s o i l s ,  2+ cm b i t  m y  uork b e t t e r  than  t h e  larger oner. The 
s h a f t  i s  cornonly 100 t o  150 cm long, u i t h  ext ra  l eng th r  t h a t  can be added f o r  deep 
boring.  
s c a l e  caa be  marked oa the r h r f t  of t h e  auger t o  mea8ure depch t o  t h e  t i p .  

The uorm p a r t  is 
about  t h e  Pame as t h e  diameter .  

The b i t  w i l l  become tapered a r  it wearr and rhould be r ep laceab le .  A 

Screw augers  made e s p e c i a l l y  f o r  examining r o i l s  a r e  a v a i l a b l e ,  b u t  they can 
a l s o  be made from a wood auger b i t  and l e n g t h  of pipe.  
a steel rod o r  iron pipe w i t h  a c ro r rp i ccc  a t  t h e  top  f o r  handle .  

The auger  b i t  is welded t o  

A screw auger  i s  e a s i l y  c a r r i e d ,  can be ured t o  examine g r a v e l l y  o r  stony 
s o i l s ,  and can bore holes rap id ly .  
t h e  r o i l  ma te r i a l  w i l l  no t  adhere t o  the b i t .  I t  i r  hard LO p u l l  from t h e  bored 
hole .  The e x t r a c t e d  r o i l  material  is d is turbed  more by a rcreu auger  than  by o t h e r  
augers  and probes.  

I t  cannot be used i n  d r y  o r  randy s o i l  because ' 
' 

Severa l  kinds of  b a r r e l  augerr  a r e  ured. BarreA augerr  a r e  v a r l o u s l y  known 
pos t -hole  augers ,  bucket ruge r r ,  orchard augers ,  core  auge r r ,  and o t h e r  naoer. 
'They have a c y l i n d e r ,  or b a r r e l ,  t o  hold the  F o i l ,  which is forced  i n t o  t h e  b a r r e l  
by c u t t i n g  l i p s  a t  t he  lover  end ( f i g u r e  3 - 4 B ) .  
a t tached  t o  a l eng th  of p ipe  v i t h  a crosrp iecc  f o r  t u rn ing  a t  t h e  top .  
both ends of the cy l inde r  are  open, t h e  s o i l  u r r u l l y  pack8 enough to  stay i n  u h i k  
t h e  auger is removed from t he  hole. A feu t ap r  of t h e  c y l i n d e r  on Lhe ground or on 
I board loorens t h e  soil f o r  removal. Bacrel augers  u i t b  r p e c i a l  c l o r e d  c u t t i n g  
blades a r e  a v a i l a b l e  f o r  use i n  randy r o i l 8 ,  very vet  loore r o i h ,  and ve rp  d r y  
soils. 

The upper end of t h e  c y l i n d e r  is 
Although 

Tipr  should be -de of hardened rteel  t o  res i r t  wear. 

Barre l  augers  d i s t u r b  t h e  r o i l  less than r c rev  augers .  S o i l  r t r u c t u r e ,  
p o r o s i t y ,  cons ia tence  , and co lo r  can .be  observed b e t t e r .  
i n  loose  o r  sandy- s o i l s  and i n  compact r o i l r .  
wet o r  moist  c layey s o i l s ,  though an open-aided b a r r e l  is a v a i l a b l e  t h a t  worts  
w e l l .  
s lowly than  screu  augers o r  prober ,  and they are gene ra l ly  more bulky  t o  c a r r y .  
They a r e  carp t o  p u l l  from the  hole .  
s t e e l .  Where raimals a r e  graz ing ,  t h e  holes must be f i l l e d .  

Barrel auge r r  uork well 
They are not v e l 1  s u i t e d  t o  use  i n  

They a l s o  work poorly i n  s tony  and grave l ly  roils. B a r r e l  auge r r  bore more 

Tipr  yea r  e x c e r r i v e l y  i f  not made of hardened 

The Dutch mud auger ( f i g u r e  3-4D) i r  a modified b a r r e l  auger  having tuo  
connected s t r a p s  with l i p s .  The 
c u t t i n g  b lader  a r e  so conr t ruc t ed  t h a t  the  r o i l  i 8  loorened and fo rced  i n t o  t h e  
cy l inde r  of t he  auger  a s  i t  cu t8  i n t o  t h e  s o i l .  
moist  or wet s o i l s  of  moderately f i n e  o r  f i n e  t e x t u r e .  
moist  or w e t  s o i l s  and i n  a l l  d r y  s o i l .  

The cy l inde r  i r  about 5 LO 10 CD in diameter .  

The Dutch mud auge r  uorkr  u e l l  i n  
I t  w o r k s  poor ly  i n  o t h e r  

I 
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S o i l  augers  a r e  simple i n  des ign  and rocevhat crude in appearance,  bu t  
cons id r rab le  s k i l l  is required t o  use  them e f f e c t i v e l y  a n d  safely. 
pu l l ed  from t h e  s o i l  by us ing  a t echnique  t h a t  p u t t  s t r e s s  on the l eg  musc les ,  
r a t h e r  than  t h e  back muscles, t o  avoid  r e r i o u s  back in ju ry .  
f i rmly  v h i l e  p u l l i n g  t akes  advantage of t h e  i nc l ined  plane of t he  r c rev  t o  break 
the  s o i l  loose. 
a b a f t  and b i t s .  

They must b e  

Tv i s t ing  t h e  a u g e r  

A p a i r  of p ipe  wrenches is needed t o  add and remove l e n g t h s  of 

edge 
3 - 4 C )  
t h a t  

Probes.--Probes c o n s i s t  Of a small-bore tube bavrng a tempered sharp C u t t i n g  
r l l g h t l y  smal le r  i n  bore b u t  l a r g e r  i n  ou t s rde  diameter  than the  b a r r e l  ( f i g u r e  
. Approximately one- th i rd  of t h e  tube  is cut away above the c u t t i n g  edge  SO 

t h e  s o i l  can be observed and removed. Probes a r e  about 2.5 em i n  d i ame te r  and 
The t u b e  is a t t a c h e d  t o  J Shaf t  W l t h  "Y handle  J t  the 

Shaf t  l ength  cao  be v a r i e d  by adding or reanving r e c t i a n a .  

- 

about 20 t o  40 cm l o n g .  
oppos i te  end. 
can used t o  examine t h e  s o i l  t o  a depth  of 2 PD. A pedal t h a t  a t t a c h e s  t o  t h e  
shaf: .s r v ~ i l a b l e ,  a l lowing t h e  opera tor  t o  apply body weight. Some workers c a r r y  
rubber or p l a s t i c  m a l l e t s  t o  d r i v e  the tube  i n t o  the r o i l .  A p a i r  o f  p ipe  wrenches 
A S  aeeded t o  add and remove lengths of shaft. 

Probes 

Probes vork v e l 1  i n  wrist. aedium t ex tu red  s o i l s  t h a t  a r e  f ree of g r a v e l ,  
s t o n e s ,  and denre l aye r s .  Under t h e r e  cond i t ions ,  t he  s o i l  Can be examrned faster 
than v i t h  ao auger .  Probes a r t  ve ry  d i f f i c u l t  t o  Use i n  dry  O r  dense s o i l ,  in r o i l  
having o t h e r  than  medium t ex tu re ,  and i n  s o i l  conta in in8  grave l  o r  stones. Probes 
d i s t u r b  t h e  8011 lesr than auge r s ,  bu t  they r e t r i e v e  less r o i l  f o r  examinat ion.  
Probes a r e  l i g h t  and e a s i l y  c a r r i e d ,  and they  p u l l  from the  hole  more easily than 
sc rev  augers .  

' 

Often a r p e c i a l  punch o r  dowel must be used t o  c l e a r  t he  tube ,  

use of a s o i l  probe is t h e  f a s t e s t  method t o  c o l l e c t  r .pp les  of s u r f a c e  l a y e r s  
Probes used vith pwcr equ ipaen t  ( f i g u r e  3-11 have v i d e  a p p l i c a t i o n s  f o r  a n a l y s i s .  

in soil surveys.  

Examination& of deep depos i t8  of p e a t  are  u d e  v i t h  s p e c i a l  tubelike samplers .  
A p e r t  sampler designed by the ? ¶ A C ~ U ~ A ~  InS t i tU te  f o r  s o i l  Research, Aberdeen, 
Scot land ,  t a k e r  a r e l a t i v e l y  und i s tu rbed  volume that  can be used f o r  measureott > f  
bulk d e n s i t y .  The Davis p e a t  sarpler ( f i g u r e  3-&E), another  des ign ,  c o n s i s t s  oi 10 
or more s e c t i o n s  of r t c e l  rodr ,  tach 60 to 120 0 1008, and a c y l i n d e r  of bras8 or 
d u r a l m i n u ,  apprOXlMtely 33 a long v i t h  aa i n s i d e  diameter  of about  1.9 0. The 
cy l inde r  has J plunger ,  cone-shaped a t  Lhe l o v e r  end, and a sp r ing  ca t ch  neat  the 
upper end. The sampler is p r e s r e d  i n t o  t h e  peat  u n t i l  t he  des i r ed  depth Lor t a k i n 6  
the sample is  reached. Tben the s p r i n g  ca t ch  i 8  re leased ,  a l l o v i n g  t h e  p l u n g e r  t o  
be vi thdravn  from t h e  cy l inde r .  With tbe plunger  vithdram, the c y l i n d e r  is filled 
by f o r c i n g  i t  f u r t h e r  dovnvard. 
and preserves  i t s r t r u c t u r e  when t h e  sampler is removed. Vi th  t h i s  i n s t rumen t ,  one 
can avoid t h e  error of th ink ing  that firm bottom has been h i t  when a c t u a l l y  A 

buried l o g  i s  encountered. 

The c y l l n d e r  p ro tec t8  the r q l e  from c o o t u i n a t i o n  

Pover c q u i m n t . - - P o u e r  equipment is used f o r  r ap id  exc8vat ion o r  f o r  
e x t r a c t i n g  co res  snd samples r a p i d l y  and from dcptha th.t are d i f f i c u l t  t o  r e a c h  
wi th  hand t o o l s .  
p e r n i t s  deeper and l a r g e r  excrVatioa8 Ui tb  b e t t e r  erpOSurc Of the  var ious  ho r i zons  
t h a n  can be a t t a i n e d  v i t h  hand t o o l s .  However, a O t  Jl1 S i t e 9  a r e  a c c e s s i b l e  t o  
pover equipment. n o s t  of t h i s  equipment is pouered by the  motor of t he  t r a c t o r  o r  
t ruck  on which t h e  equipment i s  mounted, though some O f  the heavier  types have 
s e p a r a t e  power unrtr.  

fhe use of power equipment r e s u l t s  i n  large savings  i n  time and 
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A bpckhoe ( f i g u r e  3-5) is used t o  expose V e r t i c a l  s ec t ions  of soil. The w i d t h  
of t he  bucket, o r  shovel ,  ranges from 30 cm on t he  smal le r  models t o  more t h a n  
75 cm on the  l a r g e r  ones comnonly used.  
back of  small  t r u c k s ,  bu t  t h e  l a r g e r  ones a r e  mounted on t r a c t o r s .  
be made t o  depths  of 2 o r  3 m r a p i d l y ,  p e r f o m i n g  i n  a m8tter of minutes a task 
t h a t  would t a k e  two people  most of a day. 
grave l ly  rod s tony  s o i l s  as w e l l  as in r o i l s  t h a t  are l t o n e  f r e e .  

Backhoes a r e  a v a i l a b l e  t h a t  mount on t h e  
6xcavat ions  c a n '  

Backhoes can be used e f f e c t i v e l y  i n  

BacWloes have l i m i t a t i o n s .  S p e c i a l  arrangements  must be nude t o  t r a n s p o r t  
equipment t h a t  is not t r u c k  mouated. 
Operators m u s t  be t r a i n e d  and s a f e t y  s t anda rds  m u s t  be met. Proper ty  owners 
genera l ly  do not want l a r g e  equipment on t h e i r  p roper ty .  There is a tendency t o  
dig  p i t s  so deep that s i d e  w a l l s  might Cave in--which is dangerous f o r  anyone in 
the  p i t .  
rent. 

Time must be taken f o r  maintenance. 

Reotal c o s t s  a r e  h igh ,  and i n  many a r e a s  machines a r e  not a v a i l a b l e  f o r  

Power a u g e r s  are conrnonly mounted on a c u l l  t r u c k  and a r e  powered by t h e  
t ruck ' s  engine. 
T h e  a u g e r  can b e  r a i s e d  t o  permit  8011 t o  be taken fram t h e  b i t  f o r  examination 
can be r e inse r t ed  in t h e  ho le  f o r  cont inued gaspling. fhe b i t s  a t e  5 cp t o  more 
than 15 m i n  d i a o e t e r  and a r e  g e n e r a l l y  threaded  over  lengths  of 50 cm o r  more. 
Some a u g e r s ,  such as t h a t  i n  f i g u r e  3-6, a r e  threaded  throughout t h e i r  l eng th  and 
have extensions t h a t  permi t  s a q l i n g  t o  dep ths  of  a few meters. Power augers  can 
b e  equipped w i t h  bar re l - type  b i t s .  
those on hand augers .  
f o r  removing the  sawle. 

Some have independent power p l a n t s  and Can be mounted on a t r a i l e r .  

The b a r r e l s  a r e  u s w l l y  l a r g e r  and heavier  t han  
Host power b a r r e l  auge r s  have a c y l i n d e r  t h a t  can be opened 

Power-operated probes ( f i g u r e s  3-1 r a d  3-71 a r e  used in moist  soils t h a t  have 
few stones.  They a r e  u s u a l l y  mounted on a t r u c k  and a r e  forced  i n t o  the  s o i l  by 
hydraul ic  d r i v e r s  powered by the t r u c k ' s  eng ine  and a c t i n g  agaiOSt the  weight of 
t h e  t ruck  and its load. The tubes a r e  u s u a l l y  2.5 t o  10 cm i n  diameter .  They can 
e f f e c t i v e l y  remove undis turbed  Core8 of soil t o  dep tb  of 2 m or wrc. 
the  tube can be t aken  o f f  and t h e  tube  is open on one s i d e ,  p e m r t t r n g  t h e  co re  t o  
b e  removed. Power probes a r e  e r p e c i a l l y  u s e f u l  in mois t  s tone - f r ee  r o i l  m a t e r i a l ,  
such as loess .  They functzon poor ly  i n  d r p  o r  r t o n y  r o i l s  and in s o i l s  having 
cemented layers .  

(* 

The top  of  

&q; r lpen t  is a v a i l a b l e  t h a t  anchors  t h e  t r u c k  t o  t h e  ground by means of a 
screw. 
l arger  r a n g e  o f  soil condi t ions .  

Anchoring J I ~ O V S  undis turbed  co res  t o  be taken  a t  g r e a t e r  depth and over  a 

Power equipment f o r  e x t r a c t i n g  s a m p l c ~  f o r  examinatloo o r  a n a l y s i s  is almost  
indispensable  in soil s u m e y s  t h a t  r e q u i r e  SyrtematiC 8 r q l i n g  of deep l a y e r s .  JS 

in many areas  where  landscapes have low p r e d i c t l v e  value.  
l ayers  t h a t  have no i a f l u e n c e  on p r e s e n t  v e g e t a t i o n  can be re- i q o r t a n t  t o  success  
o f  i r r i g a t i o n  farming. Power equipment has  made SurPeya of such a r e a s  much more 
rapid and  much less phys ica l ly  demanding on f i e l d  workers.  

In  d ry  a r e a s ,  deep 

Power JUgerS and probes have l i m i t a t i o n s .  
or probed when the t ruck  i s  l e v e l .  If the t r u c k  is not equipped v i t h  four-wheel 
d r i v e .  off - road  ope ra t ion  in w e t  a r e a s  16 c u r t a i l e d .  
Equipment and'maintenance c o s t s  a r e  high. Opera tors  must be t r a i n e d  and s a f e t y  
s tandards met. Power auuers  m i x  t he  s o i l  SO t h a t  depths  t o  d i f f e r e n t  lavers cannot 
be measured accu ra t e ly .  

k L f r J l l y ,  holes can only be bored 

Fences slow off - road  movement. 

9 
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Dense s o i l r  and s o i l s  conta io ing  l a r g e  amounts of rock fragments a r e  d i f f i c u l t  
t o  examine. The d i f f i c u l t y  in digging  p i t s  a f f e c t s  c l a s s i f i c a t i o n .  E l e c t r i c a l l y  
powered jaclrha-ers t h a t  qu ick ly  1006CD C W J C t  or Skelet81 matCriJ1 are a v a i l a b l e .  
The loosened m a t e r i a l  can be thrown from t he  p i t  wi th  a shovel.  
a r e  s i m i l a r  t o  tbose used i n  s free t  r e p a i r .  A c h i s e l  b i t  i r  used. The pover 
source is t h e  t r u c k  genera tor  o r  an independent gasoline-powered gene ra to r .  
j a c k h a m e r r  i s  l imi t ed  t o  areas  t h a t  can be reached by t ruck .  
bigh. 

The jackha=erc 

Use of 
The i n i t i a l  c o s t  is 

Schedul ing of any power equipment i s  i v o r t a n t  t o  i n s u r e  maximum use  v h i l e  t h e  
equipment is a v a i l a b l e  and vea the r  and r o i l  Proirture condi t ion8 a r e  a d v a a t ~ g e o u ~ .  

Small implements.--Hany kinds of small  implement8 are used f o r  examining s o i l .  
D i f f e r c a t  persons have d i f f e r e n t  preferences ,  bu t  c e r t a i n  genera l  types of 
mplements are e s s e n t i a l  almost  e v e w h e r e .  

Soae kind of am411 tool is u r w l l y  needed f o r  probing and d igging  i n  t h e  
exposed p r o f i l e .  
blade about 10 t o  15 o long and 2 1/2  t o  5 ca wide a t  v i d e s t  plJCC--rhe kind 
a v a i l a b l e  f o r  hunt ing  o r  camping-can be ured f o r  probing t h e  s o i l ,  f o r  c u t t i n g  
through ped8 t o  obrerpe t h e  i n t e r i o r ,  a8 4 8pJtUlJ  f o r  r e v i n 6  1-11 a6OUllts of 
ma te r i a l ,  f o r  c u t t i n g  roots, f o r  s c rap ing  the v e r t i c a l  o r  ho r i zon ta l  s e c t i o n r  of 
the pedon, and f o r  J Varie ty  of o t h e r  pUrpOSe8. 
aod o t h e r  s m a l l  instruments a r e  used s i m i l a r l y .  

Some kind of  l a r g e  k n i f e  i r  most cofmon. A she8th  knife having J 

T r O W e b ,  Spa tu l a s ,  p u t t y  b l v e s ,  

A g e o l o g i r t ' s  o r  mnron'c h a m e r  i r  UlefUl. e s p e c i a l l y  f o r  breaking  casen ted  
l aye r s  rod e x m i n i n g  rock fragment8 and v e y  S t rong ly  cemented nodules .  
shaped end of t he  head can a l s o  be used f o r  d igging  u c o n r o l i d a t e d  m a t e r i a l .  

fhe chirel- 

Various small ia r f rument r  for ~ a r u r e m e n t  and obse rv r t ion  a t e  e s s e n t i a l .  So# 
kind of s c a l e  f o r  measuring l eng th  is ind i rpenrab lc .  
r e t r a c t  i n t o  a rm4ll case are  moat useful. A hand lens i 8  Very i s p o r t a n t .  A IOX 
lens i s  most copwn, b u t . l e n r e s  having ~ g n i f f c r t i o n r  r ~ ~ 6 i n g  from bX t o  more thrn 
SOX a r e  used. Some, mounted i n  pen-sized tube ,  have high magni f ica t ion  bu t  
small f i e l d ,  and some of t h e s e  have battery-powered l i g h t 8  f o r  i l l u m i n a t i n g  the 
sample. 
A r o i l  thermometer is needed by mort f i e l d  rc ien t i r t r .  
and J d i a l  oa which the  temperature  is read are  e s p e c i a l l y  8UitAble f o r  use  in 
c o i l .  

C r r d u t e d  s t ee l  Upem that 

A pocket magnet f o r  s e p a r a t i n g  magnetic material 18 use fu l  i n  some areas .  
T b O w  having a metal probe  

A g r i d  f o r  a r ea  oe r ru r tmen t s  o r  f o r  p o i n t  C O U t 8  Of f e a t u r e s  l i k e  s t o n e r  i r  an 
i w o r t a n t  p a r t  of a ro i l  ac ienLisC 's  k i t .  
mesh v i t h  t h e  spac ing  of virer chosen t o  f i t  the r C 8 k  8 t  which bCaaure#nta a t e  LO 
be made. A hand t a l l y  o r  coun te r  is u s e f u l  f o r  p o i n t  C O U t 8 ;  it i 8  a l s o  u s e f u l  for 
recording pacer  i n  measuring d i s t a n c e .  
for e r t m a t i o n  of p ropor t iona te  a rea  are  also necessary  COmpOnents o f  t h e  k i t .  

The g r i d  U y  be  Smlp a p i e c e  of v i t c  

Standard Color Chart8 and Standard ChJt t8  

3appiag equipment 

Varlout small  p ieces  of equipment and inr t rument r  a r e  used in r app ing .  The 
choices  of f i e l d  workers vary ,  but c e r t a i n  kinds of equipment a r e  e s s e n t i a l .  

Various kinds of m e t a l  or wood c l ipboards  o r  fo lde r s  a r e  used f o r  ho ld ing  t h e  
S,'m surveyors use a n  A ~ U ~ D U I  fo lde r  w i t h  a spr:ng c l i p  and a cover ing  f l a p  E ~ D .  

h inged  a t  one edge. If t h e  f i e l d  s h e e t s  are l a r g e ,  4 rorary map c y i i a d e r  is u r e f u l .  

10 
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The p a r t  of t h e  map being used 1s exposed on t h e  board,  and t h e  unused p a r t  is 
r o l l e d  i n t o  a c y l i n d e r  a t t a c h e d  t o  t h e  edge of the board. 
t h e  unused p a r t  of t h e  map and provides  a work Surface .  
t h e s e  mapholders t o  suit t h e i r  OM prc ic rences  ( f i g u r e  3-61. 

The c y l i n d e r  p r o t e c t s  
Some f i e l d  s c i e n t i s t s  makc 

The u s e  o f  a e r i a l  photographs as mapping b a s e s  has  a lmost  e l i m i n a t e d  the need 
f o r  compasses for  f i n d i n g  bear ings .  
compass must be used t o  o r i e n t  t h e  map rod t o  t a k e  bear ings  from v h i c h  t h e  so i l  
s c i e n t i s t  can p l o t  l o c a t i o n .  
compass a t t a c h e d  a t  one edge and t h a t  r o t a t e s  on a t r i p o d .  

In areas  v h e r e  keeping lOCJtcd is d i f f i c u l t ,  

A t r a v e r s e  board c o n s i s t s  of a map board  t h a t  has  a 

In mountainous areas, an a l t i m e t e r  can be used t o  de te rmine  e l e v a t i o n  and 
e s t a b l i s h  l o c a t i o n  r e l a t i v e  LO contours  on topographic  Mp8.  Altimeters measure 
a l t i t u d e  by measur ing  changes i n  barometr ic  p r c a s u r e  a t  r e l a t c d , t o  e l e v a t i o n  and 
m u s t  be  a d j u s t e d  a t  a p o i n t  of known e l e v a t i o n  t o  the  barometr ic  p r e s s u r e  a t  t h e  
time. 

An in r t rument  i s  needed f o r  measuring s l o p e  g r a d i e n t .  The Abncy hand l e v e l  
( f i g u r e  3-9) is c o m o n l y  used. For convealence,  t h e  s c a l e  is g r a d u a t e d  i n  
percentage  o f  s l o p e  or i n  both percentage  and d e g r e e s .  This i n s t r u m e n t  c o n s i s t s  of 
II s m a l l  s p i r i t  l e v e l  p i v o t e d  above a graduated a r c  and A I  o p e r a t e d  by r o t a t i n g  t h e  
leve l  u n t i l  the bubble ,  v i s i b l e  through the eyepiece  by means o f  mxrrors, ~ n d i c r t e s  
t h a t  the l e v e l  i s  h o r i z o n t a l .  The b a r r e l  of t h e  l e v e l  is then  s i g h t e d  p a r a l l e l  t o  
t h e  s o i l  s u r f a c e  and g r a d i e n t  1s read d x r e c t l y  from t h e  graduated  a r c .  

C I i n o e e t e r r  are used i n  aooe p l a c e r  Lo measure s l o p e  g r a d i e n t .  In a 
c l inometer ,  s u e i g h t e d  s t r in& swings a c r o s s  a graduated  a r c .  
l i g h t e r  in u e i g h t ,  more convenient  t o  c a r w ,  and s l i g h t l y  faster t o  u s e  than  an 
Abney level. 

C 1 i a o r u t e r r  a r e  

A s c a l e  f o r  measuring d i s t a n c e s  on the  m p  i s  needed. A s u p p l y  of p e n c i l s  of  
d i f f e r e n t  h a r d n e s s e s  should be c a r r i e d .  The hardness  chosen A I  de te rmtned  by 
teatperatwe and humidi ty  and by t h e  m a t e r i a l  of t h e  mapping base.  
photographs are used ,  t h e  p e n c i l s  rhould l e a v e  a f i n e  d a r t  l i n e  that docs n o t  
smudge e a s i l y  on handl ing ,  b u t  it should n o t  be hard enough t o  c u t  t h e  emuls ion .  
Because c o i l  b o u n d a r i e s  must be a d j u s t e d  and the sylpbols changed f r e q u e n t l y ,  the 
p e n c i l s  should  make marks t h a t  can be e r a s e d  v i t h o u t  smudging and v i t h o u t  d a o r g i n g  
the mapping bare. 

I f  a e r i a l  

The q u a l i t y  of  t h e  c a r t o g r a p h i c  u u t e r i a l  used i n  rapping  and, f o r  p u b l i c a t i o n  
a f f e c t s  t h e  a c c u r a c y  of  map unit boundaries and s o i l  i d e n t i f i c a t i o n ,  t h e  r a t e  of 
p r o g r e s s ,  t h e  methods and c o s t s  of map c o n s t r u c t i o n .  rad  t h e  q u a l i t y  of t h e  
publ i shed  map. 
1s s e l e c t e d  f o r  surrrcy. 

Assemblp of  c a r t o g r a p h i c  m a t e r i a l s  should b e g i n  as soon as an area 

Nearly a l l  mapping b a r e s  used in s o i l  surveys  a r e  now d e r i v e d  e i t h e r  d i r e c t l y  
o r  i n d i r e c t l y  from a e r i a l  photographs o r  o t h e r  remote Sensing t e c h n i q u e s .  Ground 
control is  o b t a i n e d  by s c a l i n g  from U.S.  GeOlOgiCll Survey maps o r  o t h e r  existing 
aaps .  nost of  t .he information f o r  t h e  ground Control  network is o b t a i n e d  from 
a e r i a l  photographs and o t h e r  remote m a g c r y  O K  from USGS t o p o g r a p h i c  maps or o t h e r  
existing maps. P r i n t s  of the photogrrphs a r e  t h e  usua l  b a r e s  f o r  $011 mapping, b u t  
o t h e r  kinds of base maps a r e  used t o  some e x t e n t .  

I 
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A l l  a v a i l a b l e  photography is eva lua ted  i n  r e l a t i o n  t o  b a t h  mapping i n  t he  
f i e l d  and compiling maps f o r  p u b l i c a t i o a .  S e t s  Of,pbotographs of an area taken 
over a period of yea r s  a re  va luab le  r e fe rences .  SO11 p a t t e r n s  can b e  evaluated 
under d i f f e r e n t  vege ta t ion  and s o i l  c o n d i t i o n s .  
a s  t h e  mapping base is expensive,  even i f  t h e  q u a l i t y  80d s c a l e  a r e  s a t i s f a c t o r y .  
Yapping u s w l l y  must be t r a n s f e r r e d  t o  a more r ecen t  base f o r  pub l i ca t ion  because 
land use h a s  changed r i g a i f i c a o t l y  o r  b t cause  t h e  o l d e r  map sheets a r e  o o t  the 
c o r r e c t  dimensions fo r  p r i n t i n g  and b ind ing .  

General ly ,  using o lde r  photography 

For most surveys ,  purchasing new o r  r ecen t  photography and preparing f i e l d  
s h e e t s  a t  the dimension and scale t h a t  w i l l  be used f o r  pub l i ca t ion  i s  more 
economical. 
High-a l t i tude  a e r i a l  photographs are  p a r t i c u l a r l y  s u i t a b l e ,  as are  
ortbophotographs.  
o f  a c o s t l y  con t ro l l ed  mosaic is not o e c e s r a ~ .  

Some of the c o s t l y  s t e p s  o f  map c o q i l a t i o n  are e l h i n a t e d .  

There kinds  of photography a r e  p r e c i s e  enough that prepara t ion  

Plans f o r  t h e  survey m U I t  cons ide r  a11 Costs  of  M p  construct ion--f ie ldwork,  
compilat ion,  f i n i s h i n s ,  and pub l i ca t ion .  
f i e l d  opera t ions ,  e s p e c i a l l y  if c o n t r a c t s  a r e  t o  be l e t  f o r  new photography. 
Completion of a e r i a l  photography C O O t T J C t S  can be delayed for  a long time by 
adverse werther  condi t ions .  

Plans must be made f o r  i n  advance of  

In  order ing  new photography, time must be allowed f o r  prepar ing  

The c o s t  of o r i g i n a l  a e r i a l  photography v s r i e s  g rea t ly .  For 
s p e c i f i c a t i o n s ,  rwrrding c o n t r a c t s ,  photographing t h e  a r e a ,  and inspec t ing  and 
accept ing  the  work. 
example, i n  1979, c o s t s  f o r  f l y i n g  a l :ZO,OOO scale a e r i a l  survey ranged from $2.24 
t o  $2.90 per square mile. 
agencies c o s t  $1.00 f o r  each con tac t  p r i n t  a t  a s c a l e  of 1:20,000 and 53.50  f o r  
each enlargement a t  a s c a l e  of 1:15,8&0. 

Reproduct ions from o r i g i n a l  a e r i a l  f i l m  be ld  by Federa l  

Enabling a e r i a l  photogrrphy c o n t r a c t o r s  t o  keep their  e q u i p e n t  and personnel  
busy throughout the year  and t o  t ake  advantage of favorable  S e 8 S O O d  condi t ions  
reduces the  cos t  of a e r i a l  photography. 
s o l a r  a l t i t u d e  oust be cons idered  i n  schedul ing  f l i g h t s  so Chrt ob jec t ionab le  
shadows a r e  reduced OK e l imina ted .  The ground s u r f a c e  i r  beet shown vhcn it it 
f r e e  from snow and vhen trees are  f r e e  of leaves and o t h e r  vege ta t ion  i s  a t  8 

minimum. 
the United S t a t e s .  Moisture cond i t ions  are *orcant in reve8l ing  8011 p a t t e r n s .  
In  a r e a s  of t he  c e n t r a l  United S t a t e s ' v h e r e  aMU.1 row crops  8rc t h e  u i n  type  of 
c rop ,  t h e  ground cover  is l e a s t  and the  s o i l  moisture condi t ions  near ly  optimum f o r  
i nd ica t ing  s o i l  p a r t e r n  rometioe between l a t e  Apr i l  and the end of June. 
Unfavorable atmospheric cond i t ioos  m y  f u r t h e r  l i m i t  f l y i n g  time. 
schedul ing r equ i r e s  c l o s e  s tudy  of r e g i o n a l  weather  pa t t e rn8  such as the 
an t i c ipa t ed  number of "photographic days" (no more t b r n  10 pe rcen t  c loud cover )  i o  
each mon,th f o r  a survey a rea .  
Ijmafations, a l a r g e  p r o j e c t  r equ i r e s  much equipment and many people  rod is 
expensive.  

Such fSCtOr8 as geographic l a t i t u d e  and 

Tbir r equ i r e sco t  f u r t h e r  l i m i t s  t h e  f l y i n g  season ia the nor thern  h a l f  of 

For economy,' 

To be completed in a res8onable t ime under such 

For u n y  c o i l  s u n e y s ,  t h e  added c o s t  Can be f u l l y  J u r t i f i e d .  

b a y  agencies  o b t a i n  a e r i a l  photographs,  p repa re  Aerial moraics and 
p l an ime t r i c  and topographic  maps, and e s t a b l i s h  ground C O O t r O l .  The ca r tog raph ic  
s t a f f  of t h e  S o i l  Conservation S e r v i c e  can a s s i s t  i n  ob ta in ing  Cartographic  
ma te r i a l  f o r  each aew survey a rea  in t h e  United S t a t e s  and in prepar ing  c o n t r a c t s  
f o r  acv photography. 
b e r l J 1  p h o t o g r a p h v ,  mapping, ?nd ground c o n t r o l  aCt lVl t ieS  f o r  any srea i o  t h e  
i 'n i ted  S t a t e s .  

It can a l s o  provide  complete information on t h e  s t a t u s  of  
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Aerial  photography I 

Aeria l  photographs a r e  widely u6ed as the  mrpping base i n  
Aerial  photographs provide  important  clues about kinds of s o i l  
a s  t h e  Shape and c o l o r  of t he  su r face  and t h e  VeIJetatlon. The 
pa t t e rns  of s o i l  and p a t t e r n s  of images  on photographs can be 
These r e l a t i o n s h i p s  can be used t o  p red ic t  the l oca t ion  of s o i  
kinds of s o i l  w i th in  them. 

I /  s o i l  curveys - 
from such  f e a t u r e s  
r e l a t l o n r h i p s  between 
earned  f o r  an a r e a .  

boundr r l e r  and 

Several  kinds of a e r i a l  photography a r e  a v a i l a b l e .  COCIventiOml panchromatic  
(black and whi te )  photography is s e n s i t i v e  t o  approximately t h e  v i s i b l e  p o r t i o n  of  
t h e  e lec t romagnet ic  s p e c t r m  (wavelengths of 0 .38  t o  0.78 m). 
covers a similar range.  
longe r  wave~eag ths ,  is also ava i l ab le .  
described i n  t h e  fo l lowing  paragraphs.  

Co lo r  photography 
In f ra red  photography, which Covers r a d i a t i o n  of 8omevtut 

The main kinds of a e r i a l  photography a r e  

Panchromatic photography records a11 co lo r s  i n  varplng Shade8 of gray .  
modern black and white pbotography i r  of e X C e l l e N  q U l i t p .  
qua l i ty  and economy, photographs made from p a n c h r o ~ t i c  fib a r e  t h e  molt wide ly  
used f o r  s o i l  surveys.  

Host 
Becarue of t h e l r  

Color photography record8 f e a t u r e s  of t he  su r face  i n  Color8 of  t h e  v i s i b l e  
spectrum. 
when t h e  photograph waa taken, bu t  the Color8 of the  ground f e 8 t u r e s  u y  be 
d i f f e r e n t  a t  o t h e r  times. 
d i f f e r e n t  p laces ,  depending on nuny f a c t o r s  ruch a8 8 -  Ang1e. a tPo8pher i c  
condi t Ions , .de l iyr  between f l i g h t s ,  and moir turc  sUte Of t h e  8UtfJCe. 
f o r  ob ta in i ag  color photography is about 1 1 / 2  t o  2 t -8  J8 much J8 panchromat ic  
photography. 
Excel lent  black and whi te  p r i n t s  can be made d i r e c t l y  from c o l o r  n e g a t i v e s  a t  t h e  
same cos t  a s  p r i n t s  from panchromatic f i lm.  

The c o l o r s  on t h e  p r i n t  a r e  ahout the 8 M C  a8 t h e  Color8 of the f e a t u r e r  

The co lo r  of a kind of S O 1 1  a180 cay be d i f f e r e n t  J t  

The c o s t  

Color p r i n t s  c o s t  2 112 LO 4 times a8 much as b l a c k  and w h i t e  p r i n t s . .  

In f ra red  photography records  a por t ion  of tbe SpeCtrUm tha t  is n o t  v i s i b l e  to 
the  human eye.  
b u t  t rue i n f r r r e d  photography 18 erposed through a deep red f i l t e r  so t h a t  o d y  Lhe 
infrared r a d i a t i o n  is  recorded. P r l n t r  from In f ra red  fib have d l s t o r t c d  s h d e s  of 
gray i n  compariroo t o  p r i n t s  from panchromatic f i lm.  
shadov appear black.  
f ros t .  
instead of very  l i g h t  as on panchromatic p r i n t s .  
for de t ec t ing  p a t t e r n s  of s o i l  moisture s t a t e s ,  i d e n t i f y i n g  f o r e s t  tmen, and 
de tec t ing  vege ta t ion  under stress from d i sease  o r  o t h e r  CauIe8. I n f r a r e d  a e r i a l  
photography is e s p e c i a l l y  va luab le  i n  a reas  having a t rwrphe r i c  h a r e  because  the, 
f i l m  is not  s e n s i t i v e  t o  the  b lue  po r t ion  of t he  s p e c t m  that i s  n o m a l l y  
assoc ia ted  wi th  hare .  
panchromatic photography. 

I n f r a r e d  f i lm  i r  a l s o  r e n s i t i v e  t o  p i r :  I f  t h e  v i r i b l e  mpectnm, 

Bodies Of W 8 - r  and area8 In 
Broad-leaved trees appear very l i g h t ,  a 1  though covered v i th  

These c h a r a c t e r i s t i c 8  are  u s e f u l  
Fol iage.  of  con i f e rous  t r e e s  appears d i s t i n c t l y  da rke r .  Road8 a r e  d a r k ,  

I n f r a r e d  photography Costl .  about 10 p e r c e n t  more than  

Yodified i n f r a r e d  photonraphv IS a compromise between t r u e  i n f r a r e d  
photography and panchromatic photography. 
c h a r a c t e r i s t i c s  of each. A t  f i r s t '  glance,  a modified i n f r a r e d  photograph looks 
very much l i k e  a photograph made from panchromatic f i b .  I t  shown more c o n t r a s t  
between some k i n d s  of vege ta t ion  and records d i f f e rences  i n  r o i l  wetoe88 In more 
d i s t i n c t i v e  p a t t e r n s  than panchromatic photographs. 
c ' c ' s t s  J b o u t  10 percent  more than panchromatic photography. P r i n t s  from these 
necatives cos t  t h e  same as p r i n t s  !:om panchromatic f i l m .  

The images have  some of  t h e  

Hodified i n f r a r e d  photography 
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Color i n f r a red  photoRraphx is 6ensitiVe t o  the green, red.  and i n f r a r e d  
po r t ions  of the e lec t romagnet ic  spectrum. It produces f a l s e  c o l o r s  f o r  most 
o b j e c t s .  The p r i n t s  a r e  rpec-cular ;  the c o l o r s  a r e  o f t e n  b r i l l i a n t  and 
c o n t r a s t i n g .  This type of photography i o  e s p e c i a l l y  use fu l  f o r  the s tudy  of  
vegetarron.  
vege ta t ion  appears d u l l e r .  Color i n f r a r e d  photography Coats about  t h e  as 
cooventionr 1 color  photogrJphy. 

Vigorously growing vegetat ioo appears  b r i l l i a n t  red and less vigorous 

Remote sensing 

Remote getsing refers t o  t h e  f u l l  range of a c t i v i t i e s  t h a t  c o l l e c t  information 

Hovever, t h e  range of  t h e  e lec t romagnet ic  
from a dis tance .  
remote sensing technique f o r  many years. 
spectrum c h a t  C d O  be reosed from a d i r t a n c e  1s rucb  greater than  t h a t  covered by 
conventional,photograpby, and other technique8 have been devised  t o  use p a r t  of 
this range. 
e lectromagnet ic  spectrum' from u l t r a v i o l e t  (VJVdength8 l e r r  than  0.38 up) through 
microwave t o  the upper wavelength of 100 a. 

I t  i oc lude r  photography, vhich ha8 been the most widely u ied  

NonQhotogrophic senso r s  C J ~  pe rce ive  the partr  of t h e  

The extent t o  which come of t h e  never remote reosing techniques can be used i n  
so11 surveys h a s  not been f u l l y  explored.  
much i t  cad b e  reduced is  n o t  c l e a t .  
2 
combination of i enso r s .  Yet a t  l e a s t  s o y  Clue8  t o  u n y  ro i l  p r o p e r t i e s  a r e  
provided by su r face  f e a t u r e s .  

. obscure,  t h a t  a r e  sought and used in d r r v i n g  ro i l  boundaries .  I t  is there c l u e s  
that permit the making of  a c c u r a t e  s o i l  u p s  VlthOUt e x c e r s i v e  d igging  o r  probing. 
And it i s  by revealing there clues tha t  remote rearing Can c o o t r i b u t e  most t o  r o i l  
surveys.  
and about f ac to r s  r e spons ib l e  f o r  t h e i r  f o N t i O n .  . 

Fieldwork Cannot be e l imina ted .  bu t  hcw 
Soil8 8 U l t  be  examined t o  a depth  of about 

m o r  t o  s o l i d  roc t - fa r  beyond t h e  p re sen t  r e rch  of any remote sensor or 

I t  i s  these Clues,  may of them q u i t e  rubt le  and 

The i m g c r y  is  a t o o l  f o r  e r t end ing  t o  new areas hard  d a m  about  a o i h  

The prospect of using more than one r e t  of imagery is Forportant. Such J r e t  
m i g h t  be made up of  two o r  more kind8 of photographp made a t  the same 
time--multibaad photography--or two Set8 of one kind of p h o t o g r ~ p h y  made a t  
d i f f e r e n t  timer of the yea r ,  or rooe combination of there. Severa l  ret8 of 
photographs rod o the r  im8gerg are likely t o  y i e l d  more Clue8 about  r o i l s  than one 
se t ;  whether t h e  a d d i t i o n a l  c lue8  arc enough to j u s t i f y  the U f r a  C O 8 f  probably 
depends on the a a t u r e  of t h e  survey area. 

Photogrrpbl ike i m ~ g e s  can  bc made by nonpbotographic rensor8 of any p a r t  of 
t he  electromagnet ic  spectrum. Hence, ou tpu t s  f r m  t h e  rensors CJO be viewed and 
t r e a t e d  like photographa; An example i0 r i d e - l o o k i q  r ada r ,  which can p e n e t r a t e  
clouds and C J ~  be  used 8 t  night as vel1 18 i n  the daycine.  
p r i n t s  t h a t  resemble photogrrphr ,  a l though t h e  
panchromatic pbotographr.  
cover  prevcntr convent ional  photography. For u r e  v i t h  c o q w t e r s ,  ilnpulser from 
side- looking radar  and o t h e r  nonphotographic r e n ~ o r r  can go d i r e c t l y  into automatic  
d a t a  processlag ryrtems f o r  8tOrmge Or ana ly r i8 .  

The r a d a r  CJO produce 
are n o t  A S  c l e a r  as 

Side-looking r ada r  i r  use fu l  where cont inuing  cloud 

SpdCe explora t ion  hJS added 8 nev dimenrion t o  r m o t e  renring. Ear th -o rb i t i ng  
satellites can b e  equipped v i t h  reoeral kinds of senso r r ,  i nc lud ing  cameras. 
Imaging from space has t h e  same problems a8 ioagrng from a i r c r a f t  and t h e  a d d i t i o n a l  
problem of  t r ansmi t t i ng  t h e  d a t a  t o  e r r t h .  
leport3nt a d v a o t a g e s .  Fi r s t ,  l a r g e  arers-- thousandr  of  square  k i loce te r r - - caa  be 
examined f r o m  a single poior  in o r b i t .  Second, any can be repea ted ly  exsmxned 
on  a regular  scnedule. 

Imaging from Space a l a 0  h a  two 
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Kinds of mapping base 

florc t b J n  one kind of  ca r tog raph ic  mater ia l  s u i t a b l e  a5 a mapping base  may be 
a v a i l a b l e  f o r  an a r e a .  The choice  of  base ma te r i a l  depends On t h e  r e l a t i v e  
advantages o f  ~ v ~ i l a b l e  m a t e r i a l  for a l l  aspec ts  of the job, i nc lud ing  map 
c o q i l a t i o n  and reproduct ion  as w e l l  as f ie lduork .  
be adequate f o r  t h e  whole j o b ,  no t  f o r  j u s t  one a c t i v i t y .  
d i f f e r e n c e  between JO e x c e l l e n t  soil survey and a poor one. 

The bare  m a t e r i a l  r c l e c t e d  must 
The cho ice  can  mke t he  

A s o i l  survey is expensive;  proper  s e l ec t ion  of t he  ba re  m a t e r i a l  can have 

. 

The cost  of  base 

cons iderable  in f luence  on e f f i c i e n c y .  
J V J i l J b l e ,  t h e i r  cost  r a r e l y  exceed8 1 o r  2 percent  of the t o t 8 1  8urvey Co l t .  
Or ig ina l  a e r i a l  photography seldom c o s t s  more than  5 percent .  
8ater i . l  is weighed a g a i n s t  i t s  use i n  a l l  o p e r r t i o n r - - f i e l d  m p p i n g ,  mJp 
p repa ra t ion ,  and publiC8tiOn. 

Mere e x i s t i n g  a e r i a l  photographs a r e  

I f  poa r ib l e ,  the r u e  S c a l e  is used throughout JO area. 
varging s c a l e s  is ured,  t h e  r o i l  capping i s , l i k c l y  t o  v a y  i n  d e t a i l ,  g i v i n g  J 

d i s t o r t e d  p i c t u r e ,  of the so i l  pmtterns i n  d i f f e r e n t  p a r t s  of the area.  
Cartographic  base m a t e r i a l  can  be r e a d i l y  reproduced a t  t h e  d e s i r e d  s c a l e  f o r  f i e l d  
use. 

I f  b a r e  m a t e r i a l  o f  

A d e s c r i p t i o n  of  t h e  c h a r a c t e r i s t i c s ,  advan t ige l ,  and df radvan tage r  of  t h e  
p r i n c i p a l  kinds of mapping ba re r  used i n  s o i l  surveys fo l lows:  

SinRle- lens  a e r i a l  photographs .--The two b a r i c  types of a e r i a l  photographr  are 
v e r t i c a l  and ob l ique .  
mapping, ~ l t h o u g h  o b l i q u e  or mult ip le - lens  photographr Can be used when r e c t i f i e d .  
USDA s p e c i f i c a t i o ~  f o r  Single-l&a8 a e r i a l  photography r e q u i r e  an o v e r l a p  i n  l i n e  
of f l i g h t  of about  60 percen t ;  the 8fdd.p betueen mdjacent f l i g h t  l iner a r e r a g e s  
about 30 percent .  
photographs exposed from d i f f e r e n t  a i r  pos i t i ons ,  p rovid ing  s t e r e o s c o p i c  coverrue.  
Two consecut ive photographs wirhin a l i n e  of f l i g h t  a r e  c a l l e d  a s t e r e o s c o p i c  p a i r .  

I f  every  o t h e r  photograph i n  a coatinuour l i n e  o f , f l i g h t  i r  r m v t d ,  the 

Single- lens  v e r t i c a l  photographs a r e  the  b e s t  f o r  s o i l  
. 
' 

With t h i s  over lap ,  a l l  ground ip.geS appear  on two or #re 

r m i n i n g  photographs p rov ide  a l t e r n a t e  coverage. 
a l t e r n a t e  coverage i n  the S J ~  l i n e  of  f l i g h t  a r e  c a l l e d  a l t e r n a t e  p a i r s .  
A l t e rna te  p a i r s  ove r l ap  about  20 percent--too l i t t l e  t o  p e r n i t  r t e r e o r c o p i c  s tudy  
of  the e n t i r e  a r e a .  
f o r  mapping l eads  t o  problems with r e l i e f  dirplacement  du r ing  map c o w i l a t i o n .  
A l t e rna te  coverage is inadequate  f o r  COn8trUCtlng maps by photograEDctr ic  methods 
based on c o w l e t e  s t e r e o r c o p i c  coverage. 

Adjoining photographs of  

Using a l t e r n a t e  Coversge i n s t e a d  Of f u l l  S t c r e o r c o p i c  coverage 

photographs a r e  expored on f i l m  a t  a prcdeterraiaed r C . 1 ~  and f i x e d  nega t ive  
s i z e .  The S C J l e  depends on t h e i r  purpose. Until r e c e n t l y  m o r t  of the a e r i a l  
photographr f o r  t h e  United S t a t e s  Department of Agr i cu l tu re  were taken  w i t h  A 

210 rn l e n r  JL an a l t i t u d e  of about 4,200 above the mean l and  s u r f a c e .  fhe 
r e s u l t i n g  r c a l e  is approximately 1:20.000. 

153 ma lens and s c a l e  ranger  from 1:38,000 t o  1:80,000. 
UP t o  1 : 7 , 9 2 0  can  be made from 1:G0,000 n e g a t r v e l .  
i n  u s e  expose  an image of about 2 by - 23 m. 

Such negat ive8  Can be s a t i s f a c t o r i l  
enlarged LO I 8 c J l C  of 1:3,960. N O V  molt USDA a e r i a l  phOtOgtJph8 a r e  taken w i t :  J 

S a t i 8 f J C t o r y  enlargements 
nost a e r i a l  cameras c u r r e n t l y  

- ! S  
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Photographs made d i r e c t l y  from t he  o r i g i n a l  negat ives  a t  the same s c a l e  a r e  
c a l l e d  contac t  p r i n t s .  I n  c o n t a c t  p r i n t i n g ,  e r r o r s  cannot be r e c t i f i e d  sod t h e  
s c a l e  cannot be changed. Contac t  p r i n t s  are  economical t o  make and have b e t t e r  
r e so lu t ion  Lhan enlargements.  

Photograpbs can be r e a d i l y  en la rged  or reduced; this i s  one of t h e i r  
JdVantJgeS. The process  i o  s lower  and more expensive than contac t  p r i n t i n g .  Some 
d e t a i l  is lost i n  t he  p r e p a r a t i o a  of enlargements ,  but  t he  l o r r  i r  8-11 when 
s k i l l e d  opera tors  u s e  modern proces8ing  equipment and tbe  origio.1 nega t ives .  

Enlarging has c e r t a i n  adV8atages. All p r i n t s  for an area Can be brought  t o  
a e a r l y  u i f o m  s c a l e .  
d i s t o r t i o n ,  can be r e c t i f i e d .  Such o p e r a t i o n s  r e q u i r e  more time than simple ' 

en la rg ing ,  but l a t e r  sav ings  u 9  more th.n offset tbe Cost Of br inging  photographs 
t o  I comoa s c a l e .  I f  the photograph i s  enlarged  more than 5 times, p r i n t s  are  
usua l ly  unsa t i s f ac to ry .  
photograph as w e l l  JS the s c a l e .  
If the contac t  p r i n t  a t  a scale o f  1:20,000 is 23 0 aquare,  an enlargement  t o  
1 : 1 5 , 8 L O  w i l l  b e  29 cm square and aa enlargement t o  1:7,920 w i l l  be 58 cm r q u r e .  

T i l t ,  vh ich  cauaes displacement  of o b j e c t s  and s c a l e  

Of cour se ,  enlargement i nc rease r  the size of the  
The size of s h e e t  v a r i e s  v i a  the enhrgement.  

Photo indexer are inexpens ive  and should  be obtained when a v a i l a b l e .  They are 
u s e f u l  f o r  determining t h e  aumber and l o c a t i o n  of ind iv idua l  photographs withan 10 

a r e a .  They a r e  a l s o  u s e f u l  f o r  schemat ic  MppiOg and f o r  p r e l b i n a W  atudier. 

The greatest advantage of  a e r i a l  photography i n  soil curveping i a  the wealth 
of ground d e t a i l  ahovn. F i e l d  boundar ies ,  i s o l a t e d  trees, 6 ~ 1 1  clumps of bushes,  
rock outcrops ,  bu i ld ings ,  aad  p l a n t s  a re  v i s i b l e  8nd a s s i s t  i o  o r i e n t i n g  the u p p e r  
and in p l o t t i o g  the o o i l  boundar ies  and o t h e r  f e a t u r e s .  
accuracy of the wort are  inc reased  by ruing photographs.  b s e  mrps f o r  p u b l i c a t i o n  
can be conotructed from aerirl  phOtOgrJphS economically and i n  a r e a s o m b l e  fisc. 
A s t e reoscop ic  series provide8 a relief model of the area ,  showing a l l  of t h e  
i n t r i c a t e  c u l t u r a l  and physicaA d e t a i l s .  

Both t h e  speed and 

Aer ia l  photographs a l s o  have some disadvantages  and l i m i t t t i o n r  i n  r o i l  
surveying.  f l e v a t i o n s  a r e  nof rho-. S C 8 k  is not prec i se ly  unrform. flore s h e e t s  
a r e  required than when us ing  l a r g e r  u p s ,  r e s u l t i n g  i n  more u t c h i n g ,  fo ia ing ,  .ad 
f i l i n g .  
d i f f i c u l t i e s  i n  matching and t r a n s f e r r i a g  s o i l  boundaries.  Distances and 
d i r e c t i o n s  cannot be measured as a c c u r a t e l y  as on topographic u p s  o r  some o t h e r  
kinds of photographs becaurc  of d i r t o r t i o n 8  caused by t l l t ,  image d i r p l a c a m t ,  and 
o the r  inherent  e r r o r s .  F i n a l l y ,  a l though  f a r  more d e t a i l  is shown on a e r i a l  
photographs tbao on most MPC, the d e t a i l  is not  aluaya as l e t i b l e  and more s t i l l  
i s  requi red  t o  i n t e r p r e t  the photograph.  Hcvcr the less ,  the advantages of  a e r i a l  
photographs usually g r e a t l y  o u t v e i g h  tbe l i m i t a t i o n s .  

Differences of scale between a d j o i n i n g  photographs c r e a t e  aooe minor 

Photographic indexer  8rc a v a i l a b l e  f o r  most of the  photography a v a i h b l e  from 
Federa l  agencies.  Indexer are  p repa red  by f a s t e n l o g  toge ther  the i n d i v i d u a l  p r i n t s  
of an a rea .  The mges  are matched, and t h e  photographs a r e  overlapped 10 tbt  a11 
marginal da t a  a r e  v i s i b l e .  The a8acnblp is then photographed a t  a rmJl1cr scale. 
float indexes prepared by the  United States Deparrsent  of Agr icu l ture  have a r e a l e  
o f  1:63,360 or 1:126.720. 

Once a survev 8rea  hss been scheduled ,  photographs should be ordered  a s  4000 

a s  possible. The orde r  g z v e s  the e x a c t  boundaries  o f  t he  ruroey a r e s ,  t h e  s c a l e  of 
photography needed. d e s i r e d  coversge  ( s t e r e o s c o p l c  o r  h l t e m d t e ) ,  had t h e  d a t e  t h a t  

16 
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A m a j o r  disadvaa t rge  is t h a t  
t h e  a r e a .  P r i n t s  o f  t h e  o r i g i n a l  

f i e l d v o r k  is  t o  begin.  
paper ,  a r e  s t a t e d .  

Any spec ia l  requirements ,  such a s  weight o r  f i n i s h  of 
Lov-shrink paper i s  recommended f o r  moat f i e l d  mapplng. 

High-a l t i tude  photographs f o r  s o i l  mrppin~. - -High-a l t i tudc  photography is used-  

Host of  t h e  United Stater east  of the 105th  mer id l rp  except  tbe O t a r t  and 
f o r  f i e l d  mapping wherever l oca l  r e l i e f  is 300 f e e t  o r  less v i t h l n  a r a d i u s  of  2 
mxlet. 
Appalachian nounta in t  i s  s u i t e d  t o  such photography. 
approximately the p a r t s  of the 48.conterminou8 S t 8 f C 8  8 u i t e d  t o  h i g h - a l t i t u d e  
photography. 
depending on a n t i c i p r t e d  pub l i ca t ion  scrle. 
enlargements  f o r  s t andr rd  8 t h - s i z e  sheet8 abou t  
complete coverage of t h e  8reJ ( U b l c  3-11. 

F igu re  3-10 rhovr 

Such photogrrphy i s  made a t  scales rJngio6 from 1:38,000 t o  1:75,000, 
From these negatiVeS, r e c t i f i e d  

by 38 Q are p repa red  t o  g ive  

With h igh -a l t i t ude  photography, fever  photographs are r equ i r ed  t o  cover  an 
Contact  p r i n t s  of t he  o r i g i n a l  oega t ives  Can be used f o r  s t e r e o g r a p h i c  

Enlarged s te reographic  coverrge Can b e  prepared  from s e l e c t e d  
a r e a .  
coverage.  
s t e r eograph ic  p a i r s .  
p r i n t s  i n  f i e l d  o f f i c e s .  

Spec ia l  s tereoscopes a r e  h e l p f u l  vhen v iev ing  t h e  l a r g e r  

For some s o i l  surveys,  photobase maps are p r i n t e d  from h i g h - a l t i t u d e  
photography on low-shrink paper .  In o the r  S U T P e Y S ,  the photobase u p 8  a r e  p r i o t e d  
on t r a n s p a r e n t  film w i t h  r matte  sur face .  
photograp37 i s  t r ans fe r r ed  t o  f i lm  p r io t s .  and paper  p r i n t s  a t e  used f o r  nev f i e l d  
mapping. -, 

c o s t s  less than  cons t ruc t ing  photoba8e .&p8 from c o n t r o l l e d  8er la l  I O L J i C .  

High-a l t i tude  photographs have b e t t e r  image q u a l i t y  than c o n t r o l l e d  mosaics.  

N o N A ~ ~ ,  ' f i e l d  m p p i n g  on ou tda ted  

Obta in ing  h igh -a l t i t ude  photography and p repa r ing  photobase aups n e a r l y  a l v i y s  

Aerial aos r i c r . - -Aer i r l  w c a i c s  a r e  made by ortching and assembling ind iv idua l ; t  
photographs t o  f o m  8 continuous -age O f  8 D  are.. Severa l  e t h o d s  O f  88Smbly  a r e -  
used* and t h e  r e s u l t i n g  morr ics  va rp  v i d e l p  i n  accuracy  and use fu lness .  

The two general  types of a e r i a l  oosaics are uncon t ro l l ed  and c o n t r o l l e d .  Ao 
uncon t ro l l ed  o o s r i c  is-made by rimply matching l i k e  images on a d j o i n i n g  photographs 
v i t h o u t  ge0grJphiC con t ro l  of the pO8itionS Of the feAtUre8. For  + 
c o n t r o l l e d  mosaic, the photograpbr are brought very c l o s e  t o  uniform scale and 
rectified t o  reduce tilt  and d i S p l J C m n t .  
a d j u s t e d  t o  ground con t ro l .  
c o r r e c t  posi t ioo.  on the a r p  g r id .  
t h a t  of . r  good p l a a ~ e r r i c  MP. 

The p o r i t i o n s  of s e l e c t e d  f e a t u r e s  a r e  

The a c c u r a ~ y  of A c o n t r o l l e d  mosaic 8pprO8Che8 
Tbere f e a t u r e s  on the mosaic r r e  Close to their 

Between the  uncontrol led mosaic and the c o n t r o l l e d  mosaic a r e  a v i d e  v a r i e t y  
of semicont ro l led  mosaics f o r  vhich d i f f e r e n t  deg rees  of ground c o n t r o l  a r e  used. 
Thus, mosaics Vary g r e a t l y  i n  accuracp and must be c a r e f u l l y  checked b e f o r e  being 
~ 6 e d , i n  r o i l  mapping. 

S ince  an ref181 mosaic covers a l a r g e r  a r e a  than a S i n g l e  photograph,  f e v e r  
photobrse gheets need be m t c h e d .  
such JI a t o m s h i p  or 1 d r r i n r g e  basin.  
photographs.  

A D O S ~ ~ C  C 8 0  be made t o  cover  a s p e c i f i c  a r e a ,  
They are more a c c u r a t e  t h a n  i n d i v i d u a l  

mosaics C ~ M O C  be used f o r  a t e r e o ~ c o p i c  s tudy  of 
photographs can be obta ined .  
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Mosaics no t  used unlesr they exped i t e  f ie ldwork and  map pub l i ca t ion .  A 
con t ro l l ed  a e r i a l  mosaic c o s t s  more t h a n  the i nd iv idua l  photographs but l e a 6  than  
an accura t e  p l an ime t r i c  map. 
survey,  arrangements f o r  o r d e r i n g  them should be made w e l l  i n  advrnce. 

I f  c o n t r o l l e d  ooaa ic s  a r e  t o  be used f o r  a r o i l  

0r thophotographs.-  An orthophotograph I8 an ae r i a l .  photograph wi th  n e a r l y  a l l  
t h e  imaae d i s ~ l a c e m e n t  and s c a l e  e r r o r 8  removed. Aerial photographs a re  conver ted  
to orth&botographr  by simple r e c t i f i c a t i o n  f o r  low-rel ief  t e r r a i n  o r  by 
d i f f e r e n t i a l  r e c t i f i c a t i o n  f o r  h i g h - r e l i e f  terralo. Orthophotography i s  prepared  
by methods designed t o  meet Nat iona l  Hap Accuracy Standards.  
t e s t s  a r e  performed t o  v e r i f y  t h a t  90% of t h e  ue l l -def ined  pOUIt8 t e s t e d  a r e  u l t h i o  
12. I9 meters  of t r u e  ho r i zoo t8 l  p o s i t i o n  - the h o r i z o n t a l  accuracy s t anda rds  f o r  
1:2G,000 s c a l e  topographic  oap r .  An orthophotoquad f 8  OrthOpbOCogr8pb fo rma t t ed  
to t he  rame s i z e  and a c a l e  as  a USGS 7$-minure tOpO8r8phAC quadrangle.  

Various accuracy  

Orthophotographs p o r t r a y  an abundance of d e t a i l  and have c o r r e c t  rcale  and 
p o s i t i o n a l  J C C U r B q  not found in cooven t ion r l  a e r i a l  photography. Product ion  c o s t s  
of orthophotograph# compsre favorably  with e o n t r o l l e d  W8alC product ion c o s t s .  
Orthophotographs of vary ing  rcrler a r e  used as ba8e map8 f o r  sort  8 U N C Y 8 ,  l and  use 
planning,  re80urce 8 t u d i e r .  topographic  u p 8  8nd Other p U ~ o r e 8 .  Orthophotography 
can be enhanced wi th  C8rtOgr8phiC f e a t u r e s  such a8 cOntOur8, C ~ c V a t ~ O n s ,  p o l i t i c a l  
boundaries, highways, prinClp.1 p l a c e s ,  e t c .  t o  provxde u p s  designed t o  n e t  t h e  
genera l  need of most users. 

Topographic mapi.--Unlike the o t h e r  kind8 of u p p i o g  baaer, topographic  9.P. 
are no t  photogrrphr .  A topogr8phlc  u p  r e p r e r e a t 8  both horizont.1 and v e r t i c a l  
p o s i t i o n s  of phyr i ca l  f e a t u r e s  by uriog s tandard  symbols. Publiahed m p s  u m ~ a l l y  
show ruch c u l t u r a l  f e a t u r e s  as road., ra l l rO8d8,  and bui ld ings  i n  black;  d ra inage  
f e a t u r e s  i n  blue;  and coa tou r  l ines in brovn. Some also ahow a d d i t i o n a l  f e a t u r e s , .  
such a s  vege ta t ion ,  i n  o v e r p r i n t s  of green o r  otbcr c o ~ o r s .  

Host topographic  map8 publ i shed  by t he  U.S. &oioglCal  Survey and o t h e r  
Federal  agencies  comply v i a  national s t r n d a r d s  O f  u p  accuracy. 
ho r i zon ta l  accuracy r e q u i r e  t ha t  not  #re than 10 percent  of the t e s t e d  p o i o t s % e  
in e r r o r  by more than a s p e c i f i e d  d l8 turCe on the u p .  
for  maps publ i shed  a t  s c a l e s  l a r g e r  than 1:20,000 and 0.50 D f o r  mapa p u b l i r h e d  a t  
1:20,000 o r  smaller. 
as  t o a d s ,  moauaents, l a r g e  s t ructures ,  and r a i l r o a d s .  which are r e a d i l y  v i s i b l e  and 
can be p l o t t e d  on t h e  map u i t h i n  0 . 2 5  m of t h e i r  t N e  p08rtrona. S tandards  f o r  
v e r t i c a l  accuracy r e q u i r e  tb.t not more than  10 percent  of t he  t e s t e d  e l e v a t i o n s  be 
1n e r r o r  by more thra one-half  of the contour  interval. 

The s t a n d a t d s  f o r  

5h is  d ia t ance  i 8  0.85 

These lhlt8 apply t o  pOSitlOn8 Of well-defined po in t8 ,  ruch  

Because of t h e  p re sc r ibed  s tandard8  of accur8cy. topographic maps pub l i shed  by  
d i f f e r e a t  agencies  d i f f e r  l i t t l e .  
sheet boundaries ,  rod c l a s a i f i c a t i o o  aod r e l c c t i o n  of p lan imet r ic  
d e t a i l - - v a r i r t i o n r  due p r i m 8 r i l y  t o  tbe need t o  K C C  8pCCifiC r e q u i r a c n c r .  

Some v a r i a t i o n 8  may be noted i n  format,  scaler, 

Standard topographic  maps a r e  publ l sbed  io quadrangle8 bounded by l f n e r  of  
l a t i t u d e  80d loogi tude .  Genera l ly ,  topographic  quadrangles cover 30 minutess  1S 
mioutes, 7 1/2  minutea. o r  3 3/44 minutea of l a r i t u d e  rad longi tude.  S c a l e  varies 
v i t h  topography rod  cootour  i n t e r v a l .  
!.:&.Ooo (the largest gene ra l ly  a v a i l a b l e ) ,  1:25,000, 1:31,680, l :L8 ,000 ,  1:62,500. 
a n d  l:63,360. Coverage  a t  1:250.000 compiled from l a rge r  scale  maps is d i s t r i b u t e d  
P v  the Gcolog1cal Survev f o r  the enLlre CouLItry, aod new series o f  maps a t  s c a l e r  
si ]:5O,OOO a n d  1:!00.000 i a  a v a i l a b l e  f o r  certaio a reas .  The smaller  s c a l e  caps 

The moat COO~DOO pub l i ca t ion  acales  a r e  

18 
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a r e  u s e f u l  a s  bases  f o r  g e n e r a l  s o i l  maps, f o r  r e f e r e n c e ,  and f o r  s chemat i c  soil 
maps. 
l a r g e - s c a l e  maps a r e  a v a i l a b l e  f o r  t h e  whole  s u r v e y  a r e a .  

Topographic map6 can be used a s  t h e  b a s e  f o r  d e t a i l e d  mapping i f  r e c e n t  

The JCCUrJCy o f  s t a n d a r d  t o p o g r a p h i c  maps g i v e s  them d e f i n i t e  advan tages  in 
measur ing  d i s t a n c e s  and d i r e c t i o n s .  
u n d e r s t a n d i n g  s o i l  and s t u d y i n g  d r a i n a g e ,  i r r i g a t i o n .  hydro logy ,  and t h e  l i k e .  
d e t a i l  on t h e  maps r e l i e v e s  s o i l  s c i c n t i r t s  of p a r t  o f  t h e  task o f  r e c o r d i n g  t h e  
l o c a t i o n  o f  ground f e a t u r e s  w h i l e  m p p i n g .  

The t o p o g r a p h i c  p a t t e r n  i s  h e l p f u l  i n  
n e  

As J base  f o r  s o i l  mapping, t o p o g r a p h i c  q u a d r a n g l e 8  l a c k  the d e t a i l s - - f i e l d  
b o u n d a r i e s ,  i s o l a t e d  trees and  bushes ,  f e n c e 8 ,  and  s imi la r  f e a t U r e s - - t h a t  a r e  s h o r n  
on photographs .  The small scale of  many t o p o g r a p h i c  map8 and  t h e  l a c k  of 
up - to -da te  coverage  for  some a r e a s  are f u r t b e r  d i s 8 d v a n t a g e s .  Some o l d  t o p o g r a p h i c  
maps a r e  n o t  a c c u r a t e ;  some need too many r e v i s i o n s  t o  be u s e f u l .  
maps of r e c e n t  years made from a e r i a l  p h o t o g r a p h s  by p h o t o g r a - e t r i c  methods a r e  
much more a c c u r a t e .  

The t o p o g r a p h i c  

In t h e  Uni ted  S t a t e s ,  most s t a n d a r d  t o p o g r a p h i c  map8 are  p u b l i s h e d  by t h e  U.S. 
Geolog ica l  Survey. 
r e c e i v e  new l i s t s  and nev qIAJdr8ngleS as they 8re p u b l i s h e d  and can s u p p l y  
i n f o r m a t i o n  about  work i n  pTOgrCS8, e x p e c t e d  d a t e s  of ComPletion, and t h e  
t o p o g r a p h i c  mapping program. 
o r d e r e d  d i r e c t l y  from t h e  k o l o 6 i c ~ l  Survey. 
manusc r ip t  m a t e r i a l  f r e q u e n t l y  c?;n be  o b u i n c d  i n  advance  of p u b l i c a t i o n  if t h e  
need is u r g e n t .  

The c a r t o g r a p h i c  s t a f f s  of t h e  S o i l  COIIlervation S e m i c e  

Topograph ic  maps needed  f o r  a s o i l  s u r v e y  can  b e  
P r e i i m i M r y  p r o o f s  o r  c o p i e s  of 

Topographic maps of  s t a n d a r d  a c c u r a c y  a r e  e x p e n s i v e  t o  c o n s t r u c t  and  p u b l i s h ,  
b u t  t h e  pub l i shed  maps can be pu rchased  fo r  a s m a l l  p r i c e  p e r  sheet. 
s e r v i n g  a s  t h e  mapping base  i n  some areas ,  t h e y  are u s e f u l  r e f e r e n c e s .  

Bes ides  . 
Haps and d a t a  base  r equ i r emen t s  

The demand f o r  n a t u r a l  r e s o u r c e  d a t a  in SCS and  t h e  F e d e r a l  s e c t o r  has 
I n  t h e  p a s t  t h e s e  d a t a  vere d i s p l a y e d  on various base map. t h a t  i n c r e a s e d .  

g e n e r a l l y  d i d  n o t  meet N a t i o n a l  Hap A C C U r J C y .  
resource d a t a  s i n c e  i t s  use i n  t h e  SCS and by  o t h e r  agencies was limited by t h e  
inaccurate baser  be ing  used .  Using a c c u r a t e  u n i f o r m  s c a l e  o r thopho tographs  and 
p l a n i m e t r i c  base maps, r e s o u r c e  d a t a  w r l l  b e  digitized and a v a i l a b l e  f o r  au tomated  
mapping p rocedures  and r e p e a t e d  m a n i p u l a t i o n  in p r o v i d i n g  VJr lOuI  i n v e n t o r i e s  and 
i n t e r p r e t i v e  maps a t  g r e a t  c o s t  r e d u c t i o n .  R e p e a t a b i l i t y  of  use of d i g i t i z e d  d a t a  
by t h e  SCS and o t h e r  a g e n c i e s  i n c l u d i n g  e x c h a n g i n g  O f  d i g i t i z e d  r e s o u r c e  d a t a  by 
~ g e n c i c s  p r e c l u d e s  J duplication of e f f o r t  in the F e d e r a l  s e c t o r  and r e s u l t s  in 
ravings in Federa l  aupping  programs. 

S e l e c t i n g  Uapping S c a l e  

scs c o u l d  not f e a s i b l y  d i g i t i z e  t h e  

The b e a t  map s c a l e  f o r  a s u r v e y  1s d e t e m i o e d  by  many f a c t o r s .  The p u r p o s e s  
o f  t h e  map are the  main  ~ o n ~ i d e r a t l o n .  s o i l  maps lo areas o f  i n t e n s i v e  l a n d  u s e s  
a r e  des igned  f o r  p r e d i c t i o n s  a b o u t  r o i l  use, management, and b e h a v i o r  i n  r e l a t i v e l y  
small a r e a s .  The  s c a l e  must be l a r g e  enough t o  pe r rp i t  d e l i n e a t i o n  of most a r e a s  
s i g o i f i c a o t  f o r  such  p r e d i c t i o n r .  
a l l  p r o p e r t y  l i n e s ,  c u l t u r a l  f e a t u r e s ,  works ,  and  s t r u c t u r e s  s i g n i f i c a n t  f o r  
d e t a i l e d  p l a o s  t o  be p l o t t e d  d i r e c t l y .  
s h e e t s .  :be amount c f  j o i n l o g  of  s h e e t s .  and  t h e  c o s t s  of c o m p i l a t i o n ,  
reprocuct:oo, ; u b l i c a t i o n .  and s t o r a g e .  

The Scale d o t s  n o t  have  L o  be  l a r g e  enough f o r  

A l a rge  scale i n c r e a s e s  t he  number o f  map 
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H o s t  s o i l  surveys are made at a scale of 1:24,000, 1:20,000, or 1;15,840. 
Scales of 1:24,000 and 1:31,680 coumonly are used for surveys in areas of l ess  
intensive land use. Scales larger than 1:15,8UJ are needed for higbly detailed 
surveys. 

Generally, the S C J ~ ~  of mapping depends on the intriCJC9 Of the soil pattern 
in relation to the expected intensity of soil use. 
complex in many 
t o  shov the parferns in detail. 
small  areas be delineated, the scale must be large enough t o  pernit delineating rod 
labeling the areas. P 8 r t  of a survey JrCA PIy have high value Or intensive land 
use that justifies a scale larger than that of the rest of tbe area.  
publication SCJler CAO be used io ruch an area if the needs justify the extra 

The patterns of aoils are very 
vhere potentials do‘not justify A mapping Scale large enough 

m e r e  the purpO8es of the survey do require that 

Tu0 

COStG. 

Legibility of the maps is very important. Many potential uaerr will aot use 
Figure 3-11 illurtratcs differing legibility maps t h a t  they c ~ n  not read easily. 

of the  s a w  sap at different scales. 
read with difficulty. Hip A i s  reasonably, legible. 
a t  scale B, detail thJt is legible only,at scale A should not be delineated. 

Hap c is Clearly illegible. Hap B can be 
I f  the m p  is to be published 

The following list gives A general idea of the saallert areas L h ~ t  can be 
shown legibly JC different scales. 
larger delineationn. 
delineated, the map will be difficult to use. 

These sizes a r e  for isolated areaa vithin much 
I f  numerous intemingled areas of  the  s m A l e s t  s ize  are  

rc.le 

1:2.000 
1:7,920 
1 : 12,000 
1:15,8LO 
1 :20,000 
1 :2G ,000 
1 : 31,680 
1:63,360 
1:12S.O00 
1:300,000 
1:1,000,000 

Hinimum rize 
of delineation 

ha 

0.16 
0.25 
0 . 5 1  
1.0 
1.6 
2.3 
4.1 
15.6 
63.0 

363.0 
4,000.0 

- 

fbe “minimum 8ize delineation” is A roughly rqUAre OK Circular area a p p t o x u t e i p  
6 m &roas. This ia about the smallest area in which a s p b o l  can be lettered 
‘readily. 
but such m a l l  delineations reduce legibility of M p s .  chi map8 of the Smaller 
scales, delinearions are comonly 1 1/2 to 2 time8 the site of the minimum area 
t h a t  can be xhovn. 

Smaller Area8 can be delineated and the s v b o l  lined in from the outside, 

I f  tbe field sheets are made a t  the planned publication scale, the muat of 
d e t a i l  that can be d r a m  i n  the field 18 lmrtcd t o  that  ~ u d s e d  adequate for the 
purposes of the published survey .  
necessity of transferring the f i e l d  mapping to J dLfferent Scale. I f  mapping scale 
is !srgcr t & a a  publication scale. the surveyor should try L O  V l s u l i z c  wbat the map 
w i l l  look l i k e  a t  publication scale. A reducing lens can be used. 

Using the publication scale also eliminates the 
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Reference h p s  

nany types of maps a re  publ ished by pub l i c  and p r i v a t e  agencies.  They range 
from small-scale  road paps d i s t r i b u t e d  by o i l  coafpanier and county highway maps 
prepared by S t a t e  highway department8 t o  l a r g e - r c a l e  d e t a i l e d  m p r  uaed i n  c i t y  
planning. 

Host reference maps a r e  des igned ,  conr t ruc t ed ,  and reproduced t o  meet a s p e c i a l  
purpose. 
road maps, f o r  e x a q l e ,  highvays,  highway numberr, tovos and c i t i e s ,  po in t s  of  
i n t e r e a t ,  and mileAge8 a r e  prominent ly  shorn;  dra inage ,  rAiltOad8, p i p e l i n e r ,  
powerliner,  and p u b l i c  l and  l i n e r  are omi t ted  o r  rubord iaa ted .  

Certain d e t a i l a  a r e  enrpharized and o t h e r 8  are subordinated. On Small-8CJle 

Aeronautical  c h a r t s  a r e  designed and conr t ruc t ed  s p e c i f i c a l l y  f o r  a i r  
navigat ion.  
Ground f ea tu res  prominent from tbe a i r  A r e  cmpharited in bold and r q l e  8)mbOlS. 
Other f ea tu res  of equal q o r t a n c e  on t h e  ground bu t  le88 not iceable  from t h e  a i r  
are subdued o r  omit ted entirely. Eleva t ion  is rhovo by g rad ien t  t i n t s .  
Navigational dar r  .are rhovn by b r i g h t  O V e r p r i R t h t .  

The s c a l e  i s  small  so t h a t  l a r g e  Area8 Can be ShoM on a ‘ s i n g l e  shee t .  

- P I a t s  prepared from p u b l i c  h o d  runmys are designed t o  present  land r u w e y  
d a t a .  
Courses and d i s t ances ,  r u b d i v i r i o n s  of r e c t l o n r ,  ac reage  f i g u r e r ,  and o t h e r  aa t r  
from the  survey a r e  shown. 
and a r e  accura te  only on the survey l i n e r .  

They usually cover  a survey  Uit, ruch a8 tovorh ip .  The r c a l e  i r  l a r g e .  

C u l t u r a l  and d r a i p r g e  f e a t u r e 8  a r e  reduced t o  a m 1 n - U  

Special-purpose maps have l i t t l e  va lue  a8 barer f o r  d e t a i l e d  s o i l  surveys.  
Such maps Jre v e r y  u s e f u l  f o r  r e fe rence ,  however, and they  PIP be the  b e s t  base 
m ~ p s  ava i l ab le  f o r  surveys  of remote Are.8. 
use fu l  f o r  rapid smal l - sca le  surPey8 of  h r l F  a r e a s .  

Acroaau t i ca l  c h a r t s ,  f o r  example, a r e  

flany o ther  hands of s p e c i a l  mJp8 a r e  a v a i l a b l e  f o r  8-e Areal.  mere Inc lude  
maps of publAshed soil SUNCYS, maps of g e O l O ~ ,  Mp8 Of f o r e s t  o r  o the r  vegetative 
cover,  coast  and harbor  c b r t r ,  ceasua maps, Port.1 S e r v i c e  u p s ,  and highvay -pa. 
County highway planning map8 a re  a v a l h b l e  f o r  runp area. and Jre good r e fe rences .  
Some State haghway o r  t r a n r p o r u C i o n  departscntm make good C u l l -  LO = d i m - r c a l e  
highway planning maps f o r  internai  UAC that can be reproduced virh spec la1  
permission. naps p r o t e c t e d  by copyr ight  cannot be  reproduced without permrssion. 

Index maps f o r  f i e l d  sheets.--An index p.p i r  prepared t o  show approx i ru t e ly  
the loca t ion  of each f i e l d  shee t .  A u s e f u l  r c a l e  i r  about  l : l Z , O O O .  limy S t r t e s  
have county highway m ~ p s  a t  about this A C A l e ,  and U R y  Of Lheae a r e  good base r  f o r  
preparing the index. 

The mapping limits of each  f i e l d  sheet a r e  drawn on t h e  index map, and the 
f i e l d  shee t  number is wri t ten in each a rea .  fhe ~p i r  labe led  “Index t o  F i e l d  
Shee ts ,”  preferab ly  a t  the t o p  center. 
when i t  i s  submitted f o r  u p  aarembly. 

The index aCCOmpnle8 the completed survey  

Premappiog A c t i v i t i e s  

The 6011 survey p a r t y  l e a d e r  should be loca ted  in the area  before  8011 mapping 
b e g l n s  a n d  U S U d l l v  b e f o r e  t h e  o t h e r  p a r t y  member8 a r r i v e .  
leader  tlme LO become familiar u i t h  the  a r e a ,  review P r c l i m i r u r p  d a t a ,  i n v e s t i g a t e  

This allows the p a r t y  

a 21 
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the major s o i l s  and t h e i r  p a t t e r n  of  occurrence,  rev iev  the  s t a t e d  purposes  o f  t h e  
survey ,  check t h e  adequacy o f  t h e  brse map macerial ,  and p repa re  a pre l imina ry  
mapping legend. During the genera l  premapping a p p r a i s a l  of the survey  a r e a ,  t h e  
p a r t y  l.eader also assembles  t h e  information needed t o  rchedule  survey  ope ra t ions .  

A w e l l  e s t a b l i s h e d  p r i n c i p l e  of rerearch is f i r s t  t o  asremble t h e  e x i s t i n g  
informat ion  about  the s u b j e c t .  A so i l  survey is  no eXCeptiOn. Time and e f f o r t  are 
raved and cost ly  e r r o r s  sre avoided i f  what i r  a l r eady  kaoVrr is used.  The time 
requi red  t o  f i n d  and a p p r a i s e  rxiSt1ng i n f o m a t i o n  1s UsUAlly S-11 r e l a t i v e  t o  t he  
time requi red  t o  compenrate f o r  f a i l u r e  t o  USC the information.  Even f o r  S;e&# 

about  which l i t t l e  is  thought  t o  be known, 8 d i l i g e n t  s ea rch  u s u a l l y  U I I C O V ~ ~ .  
u s e f u l  i n f o m a t i o n .  Infoxmation about adjacent  a r e r s  can often be a p p l i e d  t o  t h e  
SUFJey a r e a .  

I f  an o l d e r  r o i l  sumey bas been made, i t  18 gene ra l ly  the most  h p o r t a n t  
r e fe rence  a v a i l a b l e .  S o i l  surveys  made i n  the United S t a t e 8  be fo re  1920 ewphrrazed 
t h e  c h a r a c t e r  of the p a r e n t  m a t e r i a l .  
i n f o m a t i o n  a v a i l a b l e  f o r  d i v i d i n g  the r u n e 9  rrea i n t o  r e c t i o o s  wi th in  vbich  
parent  aster ia1  is reasonably  u n i f o r r .  
1930 provide most of t h e  i n f o r u t i o n  needed t o  broadly chrac te r i te  the a r e a  and 
i t s  s o i l s .  Those made a f t e r  about 1930 t o  19k0 provide  S very i q o r t a o t  p a r t  of 
t h e  information needed f o r  I d e n t i f y i n g  M p  uni t8 .  The e a r l i e r  s u m e y s  are  a l s o  
u s e f u l  f o r  i d e n t i f y i n g  map Wi t8  but  m u s t  be used i n  coojunct ion  u i t b  a sys t ema t i c  
p r e l i m i n a m  f i e l d  s tudy .  
examined io  nearby a reas  t h a t  have been recent ly  rumeyed.  

WpS C o ~ O n l y  prov ide  some of t h e  b e s t  

.nanp #oil 8uWeyS made a f t e r  about  1920 t o  

Happing and example8 of e r t a b l i s h e d .  r o i l  series C8O be 

Unpublished soil su rpeys  of s c a t t e r e d  farms a r e  ano the r  rource  o f  informmtioo 
about  the ate. .  
and cons is tency  o f  mapping o v e r  long per iodr .  
legend,  the s c r t t e r e d  farm mapping must not be mnde a p a r t  o f  t h e  modem s o i l  
c u w e p  v i t h o u t  c a r e f u l  f i e l d  checking. 

The va lue  of  t h i s  iOfOm8tiOO.dependl on the q u l i t p  of the  legend 
Regardless  of t h e  q u a l i t y  of t h e  

A soi l  survey is a s t u d y  of  the geography Of 8011. b p S  p r e s e n t  geographic  
Aeri.1 phOtOgt8pbS, topOgr8phiC i n f o m t l o n  and are b a s i c  t o o h  Of So i l  8Urpey. 

maps, and o t h e r  maps a r e  u s e f u l  r e f t r c n c c s  vhether O r  not they a r e  u8cd 8s t h e  
mapping brre. .  Each k ind  shows f e s t u r e r  t h a t  the o t h e r s  do n o t .  

Topographic mapa a r e  t h e  b e s t  references f o r  appra i s ing  r e l i e f  f o r  most . rear .  
Haps and t e x t s  on geology f o r  u n y  r r e r r  have been published by the U.S. Geological  
Survey and by comparable S t a t e  agencies .  The p u b l i c a t i o n s  Ire on v a r i o u s  a u b j e c t s ,  
such as bedrock geology,  s u r f i c l a l  depor l t r ,  water r e r o u r c e 8 ~  or miners1  resources .  
The maps were made a t  va r ioua  s c a l e 8  and degrees of d e t a i l .  Almost a l l  c o n t a i n  
important  in format ion  about  the parent  u t e r i81  of 8 0 i h  a n d , r e l a t e d  f a c t o r s .  
Vegeta t ioo  u p s  have been publ i shed  f o r  UOY arC88,  though the coverage l a  less 
than f o r  geology. 
C l ima t i c  u p s  are a v a i l a b l e  f o r  68ny aress. 
genera l  i n  na tu re .  The C8rtOgraphiC S ta f f  o f  the S o i l  Conservat ion Sexvice ,  l o c a l  
l i b r a r i e s ,  and u n i v e r s i t y  l i b r a r i e s  a r e  good aourcem of i n f o r n u t i o n  abou t  what has 
been published and vhere  it can be obtained.  

The U.S. Forert SerPice and S u t t  a6eUCieS a r e  l i k e l y  aources .  
They 8re commooiy a t  small scale and 

Local S O U r C e l  such a s  l i b r a r i e s  of l oca l  rchools ,  u i v e r 8 i t i e s ,  m u n i c i p a l i t i e s ,  
and hi$Kor lca l  s o c i e t i e s ,  8 8  Well a 8  S t a t e  r g e U C i e S ,  are sources  of pub l i shed  
~ ~ 3 t e r : a l  on s o i l s .  a g r i c u l t u r e .  geology, geomorphology, hydrology,  clmate,  
engineer ing ,  biology, h l r t o r y ,  and related s u b J e C t s  bea r ing  s p e c l f i c a i l y  

* +  -- 
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on  the  survey area .  I f  a u n i v e r s i t y  is loca ted  w i t h i n  reasonable  d i s t a n c e  of t he  
a r e a ,  t h e  theses  it has produced may inc lude  s i g n i f i c a n t  ma te r i a l .  Local weather 
r t a t i o a s  can provide da t a  on t empera ture ,  p r e c l p i t a t i o o ,  and o t h e r  weatber  even t s .  
Reports of t h e  Bureau of t he  Cenfiur and of t h e  Economics, Statistics, aod 
Cooperatives Serv ice  a r e  a u t h o r i t a t i v e  r e fe rences  00 land use aod crop  product ioo .  
Computerized b ib l iog raph ic  search  s e r v i c e s  such a s  t he  ooe provided by t h e  s o i l s  
s t a f f  of t he  Soil Conservatioo Se rv ice  a re  i n v a l u b l e  a s  sources  of r e f e r e n c e s  f o r  
publ ica t ions  about t be  survey area.  

Knowledgeable people a re  a l s o  important  sources  o f  i n f o I M t i o 0 .  
members of u o i v e r r i t i e s  o f t e n  have informat ion  t h a t  is not a v a i l a b l e  io publ i shed  
form o r  know of published informat ioo  t h a t  t h e  p a r t y  l e a d e r  h a s  oot found. 
l o c a l  representa t ives  of t h e  Cooperat ive Er t eos ioo  Se rv ice ,  a r ea  aod d i s t r i c t  
cooserva t ioo io t r  of SCS, rod voca t iona l  a g r i c u l t u r e  t e a c h e r r  s a y  a l s o  be sources  of  
knowledge t h a t  is oot geoe ra l ly  a v a i l a b l e .  
s a n i t a t i o n  departments,  highvay departmeots ,  and t h e  like are koovledgeable  a b o u t  
mat te rs  t h a t  a r e  important f o r  i n t e r p r e t i n g  r o i l r  and d e 8 l g n l O g  map u n i t r .  
working r e l a t ionsh ips  wi th  t h e  o f f i c e  of t h e  S t a t e  g e o l o g i s t  rod wi th  g e o l o g i s t s  
working i n  t h e  survey area a r e  ve ry  impor t ro t .  
t h a t  is helpfu l  i o  understaodiog s o i l - r o c k  r e l a t f o o s h i p s .  

Some i o f o r m t i o n  oo t  d i r e c t l y  r e l a t e d  t o  s o i l s  is  alro h e l p f u l  i n  p l aan iog ,  

F a c u l t y  

The  

Represco ta t lve r  of p laooing  boa rds ,  

S t rong  

They can  provide  ouch i o f o m a t i o o  

organiz ing ,  rod conducting A roil survey.  Quest ions t h a t  rhould be aoswered ioc lude :  ... 

1. 

2 .  

3 .  

L ,  

5 .  

b .  

7 .  

Vhat i r  t he  p r e r e o t  l aad  use  p a t t e r n ?  Is it  r e l a t i v e l y  u.niforrs,or a 
mixture of c o n f l i c t i o g  uses aod i o t e o s i t i c 8 ?  Are t h e r e  p o l i t i c a l  or 
ecooomic problems a s soc ia t ed  wi th  p re sen t  land uses? 

Ir there  a land use po l i cy  o r  plan f o r  t h e  
e f fec t ive?  what changes in land use doer 

Vhat  is the*geoeral owoerrhip p a t t e r n ?  

Are mineral  r i g h t s  impor t ro t  i n  t h e  a rea?  

Are v a t e r  r i g h t s ,  either ground o r  s u r f a c e  

I 8  

a rea?  Is i t  a c t i v e  and 
t o u t l i n e ?  

it expected t o  change? 

Who o m s  t h e m ?  

c o n t r o l l e d ?  Does water  
supply l i o r t - l a n d  use and cont inued grovrh and developaeot?  
q u a l i t y  of t h e  varer ' l  

M a t  i s  the  

b l a t  c u l t u r a l ,  s o c i a l ,  o r  economic f a c t o r s  i n f l u e n c e  o r  c o o t r o l  land  use? 

\ ;hat  qwli t ies  (c l ima te ,  soils, minera l ,  e t c . )  of the a rea  a r e  unique ,  
va luable ,  o r  l i m i t i n g  f o r  some uacs7 

Not a l l  of there ques t ioos  a r e  u n i v e r s a l l y  impor tan t ,  aor is t h e  list c o q l e t e .  
However, i o f o m a t i o o  about t hese  s u b j e c t s  cao b e  w o r t a o t  i n  s a t i s f y i n g  t h e  needs 
f o r  the  s o i l  sumcy. 

Only come o f  t he  more promising sources  of r e fe rence  m a t e r i a l  have been 
mentioned. 
i n  most p a r t s  o f  t he  United S t a t e s  it is s u b s t a n t i a l .  
provide much. i f  not most,  of t he  informat ion  about t h e  a r e a  and i t s  soils needed 
t o  s t a r t  prel iminary f i e l d  s t u d i e s .  I t  cao provide some of the i n f o m a t i o n  about  
t he  sol18 o f  t k e  a r e a  aod t h e i r  geography needed t o  prepare  a pre l imina ry  mapping 

Tbe amount rod s i g o i f i c a o c e  of e x i r t i o g  i o f o r n u t i o o  v a r i e s  wide ly ,  bu t  
Pre l iminary  r e sea rch  cao 
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legend. 
I t  can cootribute directly to the information on the maps. And it can provrde 

It can guide field studies and can suggest the best procedures for mapping. 

basic data for interpreting the soils. 

Preliminary field studies 

Preliminary field studies are made t o  supplement and verify t h e  information 
assembled from existing sources. Field studies help in developing a perspective 
the broad pattern8 of soils; of the rel~tionrhipr Of sol1 to landscrpe, parent 

.material, and the like; and of general relationships between 8011s and land use. 

of 

?be party leader firrt scouts the survey are8 to learn it8 general 
characteristics. 

. ooted. Roadcuts and other excavations are studied. Vegetation and land use, 
' parent material, and other factors related to soil properties are recorded. The 

soils are examined a t  selected places in relstion to these factor#. vbeo the 
entire area bas been scouted, a first draft of J smJll-8Ca~e general soil map is 
prepared. 
vegetation, parent material. and other factors related to soil properties. 

Lac11 landforms and the O I O l l e f  io which they are asrociated arc 

This map delineates large area8 baving dirclnctlvc phy~iogr8phy, 

If the inform8tion about soils, geology, VeRetatioU, and Current land. use is 
abundant and accurate, the party leader need only ScOUC the  area in enough detaiA 
to understand the relationships of features already kaovn. But in some areas of 
the Uaited States and many areas abroad, little IS k n o M  about the  roils. 
a r e a s ,  the general nature of Lhc most -0rtrat let8 Of soil properties must be 
established, the soils oust be clasrified, and tbe t8Xa must be related to the 
factors of soil formation. 

In these 

m e r e  little is &OWI about the soils, preliminary studies are organized to 
relate soil properties to ~ a n d r c ~ p e r .  
standards for  comparison. 
eotly associated with an identifiable set of soil-forming factors, that 
relationship can lead to understanding other relationships. 

In an unfamiliar environment there may be no 
If even one unique r e t  of Sol1 prOpertieS can be consist- 

After the first broad studies. a feu places are chorcn that are similar in 
relief, physiographic positloo, vegctacion, and parent Mtarial. 
can predict that the . o i l s  at these place8 are in the same ChS8. 
< h a t  the prediction holds, the soil is described and identified 8s a taxon of the 
lovest category that  is feasible--co~only series or family. 

The party leader 
If study reveals 

Having identified a unique kind of Soil in Lhi8 -curer, the party leader 
continues to look for it in characteristic placer. I f  thiB t 8 X O n  is indeed found 
t o  be representative of distinctive parts of the area,  a relationship that revcaAs 
order for at least one soil has been established. This s o i l  and its relationships 
to soi. l-forming factors have become familiar. This soil CIO be  uaed 8s a standard 

identified in the same manner. producing an increasing number of comparisons. 
. ' f o r  coqarison with soils on other landscapes. OLher Soil8 o f  the area  are 

I f  possible, a coil identified a 8  a rtandsrd for co~pariaoo is one in which 
the effects of the active .factors of soil fomation--cliarte and vegcration--are 
well expressed. 
expressed regionally and can be tieen in most roils; in fact. these effects may be 
so cowooplace t h a t  they are  overlooked when atttntiOf2 iS attr8cted by local 
differences c3used by variations in relief. p a r e n t  material, and time. I f  the 
strongly expressed marks of climate and vegetation Can be established, t h e  l o c a l  

The effects of climate and vcgctatioa on soil properties are 

24 
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variations related to relief, parent material, and time can be studied in orderly 
perspective. 

Generally, the party leader looks first for natural landscapes that have (1) 
parent materials without extremes of either physical or chemical composition that 
might inhibit soil-forming processes, (2) relief that dirposes of excerr Water 
without losing O O n 8 1  precipitation (so  that the,effecta of climate have not been 
modified by extreme uetnesr or d v e o s ) ,  and ( 3 )  a surface that ha8 been stable 
long enough for the soil t o  have undergone the full effects of climate and 
vegetation. 

All of these features cannot be found in combination in every  soil survey 
area; indeed, none can be found in some areas. 
laodrcaper that approach the  ideal. 
worth the extra time and effort to go outside the survey JreJ t o  find a suitable 
standard of comparison if none exists within it. 
ChJrJCteriZe the regional effects of climate and vegetttion are already Lcnova. 

The party leader a t t q t s  to locate 
He uses the beat available set .  It may be 

In mamy area l ,  SOllr that 

After charrcteristic soils have been identified, rmall areas vithin each of 
the tentatively identified general soil areaa are relected for intenrive 
examination. Within each area ,  rets of orderly relJtiOnrhip8 along a small number 
of related soil8 can generally be determined. 
individually limits the number of different kinds of soil that must be dealt with 
3 t  one time. 

Studying each general area 

Generally, areas  are selected that appear to have readily urrderstandable 
soil-landscape relationships. 
as a study area. The soils all formed under the r a m  general clrrpate and 
vegetation and share some properties that are the marks of those factors. 
soils on this landscape undoubtedly differ in important ways related to landform 
a n d  physiographic position. 
in one kind of geologic deposit; those on the lower partr of the  slope (B) may be 
developing in another deposit expoaed during t h e  current geomorphic cycle; the 
soils in the lowest positions (C and D) are  undoubtedly developing at least partly 
in sediment washed from the surrounding areas.  The soils in Lhe higher positions 
l o s e  runoff water to the lower soilr. The lover soils are wet for longer periods, 
and their vegetation differs in kind and vigor from thaL on the higher soils. The 
different areas will have soils of different taxa. The Coil8 undoubtedly behave 
differently for some, and perhaps mort. UaeS. 

Figure 3-12 illustrates a hndSCJpe that might serve 

But the 

The soils at the highest positions ( A )  are developing 

Investigation proceeds from one distinctive area t O  another. Relationships 
within t h e  different areas are established. with each study an increasing number 
of comparisons CJO be made. Soils in comparable physiographic positions in 
different areas a r e  compared. They may, for example, have differences related to 
parent material but have many similarities imposed by physiography. 
progresses the ranges io all properties a r e  noted. 

As work 

A l m o s t  ~ 1 v a V s  during the course of the work, some landrcapes in whxch the 
soils do not f i t  neatly into a k n o ~  pattern are encountered. some relationships 
are  verv complex a n d  require a thorough understanding of  the geology and geomorphic 
processes of t h e  area. 
understanding of the local stratigraphy and geomorphology, accurate predictions 
about the occurrence o t  specific soils a r e  difficult or impossible. An example is - a thick fluvial deposit that has been thoroughlv dissected. Zanv fluvial deposirs 
Save J ~ ~ L Z L  i:anpes :c sedinenr  rain size ' Z l d V e y  backswamp deposits m a v  overlie 

Some areas a r e  so complex that even with J thorough 

25 
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point bar deposits of coarse sand and gravel t h a t  overlie silty sediments. When 
dissected, a11 of the different kinds of sediments may be exposed to s o i l  
f o r n a t i o n .  The soils in these deposits can differ greatly in texture, horizon 
thickness, and other features vithin short distances. The soil-laodscape 
relationships may be further complicated by locally derived deposita of variable 
thickness on linear and concave side SlOpefi. 
roil pattern, intensive study of s-11 areas reveals relationships that J r e  
extremely helpful in mapping. 

Regardless of the complexity of t h e  

Information obtained during early studies is recorded. A t  00 time is keeping 
complete and accuraLe notes more important than during early assembly of data and 
preliminary studies. 

The number of pedons that can be described in detail during preliminary 
studies is limited because of the large amount of time and effort required. 
Consequently, most of rites are examioed uaiog Probes, Jugers. or the like. 
incomplete in detail, the data from such examinatioo8 C8n provide information 00 

crltical properties for a large number of kinds of c o i l .  
~ntcrnal soil properties necessary to characterize toil taxa are made J L  a few 
places, usually a f t e r  the general character of taxOoOmiC units have been 
tent,acively established. 
n u b e r  that can be investigated is small and the cost is high. 

Though 

Detailed atudies of  

The locations of these sites are  inrportanr because the 
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T a b l e  3-1 .  --High-altitude photographs: 
scales, s i z e s ,  rod area covered 

Negative 
sc.1e 

Size of Area 
bare sheet covered 

pub1 ica tioa 
rc.le 

9 7 . 2  

3 4 . 9  
22.8 

1 : 31,680 2 5 . 4  x 38.1 
1 :24 ,000 23 .4  x 36.8 1: 58,000 
1 :20,000 2 6 . 1  x 36.3 1 : k 8 , O O O  1 : 38,000 l:15,840 2 5 . 4  x 3 5 . 6  

1:75,000 50.0 
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Illustration lewnds 

Figure 3-l.--Pickup truck with a power probe aod a tool compartment mounted on the 
back. ' b o  sizes of probes and ao extenoion rod are shown. 

Figure 3-2.--0ne type of light tracked vehicle used for roil Curvey operations in 
areas inaccessible to wheeled vehicles. 

Figure 3-3.--Toolr for digging: 
view of post-hole spade; D. screv coil 8Uger and extensioo. 

Figure 3-&.--Soil augers and probes: 
probe; D. Dutch mud auger; E, pear sampler. 

Figure 3-5.--Backboe aouoted on a small tractor. 

A.  rqrure-pointed spade; B, side view sod C, front 

A ,  screw auger; 8, brrrel auger, C, sampling 

Figure 3-6.--Pouer auger mounted on a pickup truck. 

Figure 3-7.--Hydrrul~cally operated sampling tube mounted 00 a pickup truck. 
open-faced tube as in place. 

Figure 3-8.--Haad-held map board with aerlsl photograph ln place. 

Figure 3-9.--Aboey haod level u r t h  care. 

Figure 3-lO.--Sbaded area 11 suitable for high-altitude photography for soil 
mapping. 

Figure 3-lI.--Reproduct1ons of the 

Figure ?-12.--The several kinds of soils an this photograph a r e  clooely related to 
topographic position. 

The 
Hydraulic control8 are at the right. 

m p  a t  four daffcreot scales. -. 

2s 
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Chap te r  3 

Foo tno te s  

1' Details on p r o c e d u r e s  a n d  t e c h n i q u e s  i o  t h e  use o f  a e r i a l  pho tographs  i n  
soil s u r v e y s  is p r o v i d e d  i n  A g r i c u l t u r e  Handbook 2 9 & ,  "Aer i a l -Pho to  I n t e r p r e t a t i o n s  
in C l a s s i f y i n g  and Happing S o i l s . "  S o i l  C O t W e r V J t i O D  S e r v i c e .  USDA, 1966. 

2' See  Remote S e n s i n g :  With S p e c i a l  Re fe rence  t o  A g r i c u l t u r e  and F o r e s t r y .  
Coamittce on Remote S e n s i n g  fo r  A g r i c u l t u r a l  P u r p o s e s ,  A g r i c u l t u r a l  Board, Nat1on.l 
Research Counc i l .  Washington, D. C . :  Na t iona l  Academy o f  S c i e n c e s ,  1970. 

2' Hore d e t a i l e d  i n f o r m a t i o n  a b o u t  c a r t o g r 8 p h i c  t e c h n i q u e s  and r e q u i r e m e n t s  
f o r  pbotobdse naps arc g i v e n  i n  the "Guide f o r  S o i l  Hap Compi la t ion  on Photobase 
-Hap Shee t s . "  
(P rocessed ) .  
mosaics o r  o t h e r  s u i t a b l e  photography.  

C r r t o g r a p h i c  D i v i s i o n ,  Soil C o n s e w a t i o n  Service, USDA, 1970 
Photobase maps can  a l s o  be p r e p a r e d  i o  a S l m i l J r  form from c o n t r o l l e d  

'9 



Chapter 1, 

Examination and Desc r ip t ion  o f ' S o i l s  i n  the F i e l d -  

Complete d e s c r i p t i o n s  of  t h e  s o i l s  a r e  e s s e n t i a l  i n  any s o i l  su rvey .  The 
d e s c r i p t i o n s  Senre as a b a s i s  f o r  s o i l  i d e n t i f i c a t i o n ,  c l a s s i f i c a t i o n ,  
c o r r e l a t i o n ,  mapping, and i n t e r p r e t a t i o n .  A complete d e s c r i p t i o n  a l s o  documents 
the condi t ions a t  t h e  s i t e  of any s o i l - r e l a t e d  r e sea rch .  

S o i l  d e s c r i p t i o n s  must be o b j e c t i v e ,  complete, and c l e a r .  The d e s c r i p t i o n s  
a r e  used by d i f f e r e n t  peop le  f o r  d i f f e r e n t  purposes.  
s tandards and g u i d e l i n e s  f o r  d e s c r i b i n g  most s o i l  p r o p e r t i c s  and f o r  d e s c r i b i o g  
r e l a t e d  f a c t s  t h a t  a r e  necessa ry  p a r t s  of a complete s o i l  d e s c r i p t i o n .  , P r e c i s e l y  
defined s tandard terms a t e  needed i f  d i f f e r e n t  people  a r e  t o  record t h e i r  
observat ions so t h a t  o t h e r s  can understand. Standard terms a r e  b r i e f  y e t  
meaningful. 

This  c h a p t e r  p rov ides  

Devising s t anda rd  terminology i s  not  p r a c t i c a l . f o r  some p r o p e r t i e s .  For  some 
s o i l s ,  standard terms a r e  n o t  adequate  and must be supplemented by a n a r r a t i v e  t o  
insure t h e  accuracy o f . t h e  d e s c r i p t i o n .  The f i e l d  s c i e n t i s t  must always e v a l u a t e  
the adequacy of s t anda rd  terms and add needed information.  
information w i l l  b e  l o s t .  

O the rv i se ,  much 

The s tandards d i scussed  i n  t h i s  chap te r  have been t e s t e d  i n  many p a r t s  of  t h e  
vo r ld .  The c l a s s  l i m i t s  f o r  some p r o p e r t i e s  a r e  n e c e s s a r i l y  a r b i t r a r y .  Some 
desc r ip t ions  w i l l  c e r t a i n l y  r e q u i r e  refinement and e l a b o r a t i o n  of  some terms. 
c l a s s  limits a r e  modified t h e  new l i m i t s  mus t  be given.  

I f  

Some t h ings ,  such as t h e  l e n g t h  of time t h a t  c r acks  remain open, p a t t e r n s  of 
s o i l  temperature and moi s tu re ,  and v a r i a t i o n s  i n  s i te ,  shape, and ha rdness  of 
c lods i n  the  s u r f a c e  l a y e r ,  must be  observed over  p e r i o d s  of  time and summarized. 
A complete d e s c r i p t i o n  of a kind of soil is more i n c l u s i v e  than m y  s i n g l e  
desc r ip t ion  taken a t  one p a r t i c u l a r  time. 
what the soil i s  l i k e  throughout  t h e ' y c r r .  

A c o q l e t e  d e s c r i p t i o n  t e l l s  t h e  r e a d e r  

Each i n v e s t i g a t i o n  of the i n t e r n a l  p r o p e r t i e s  Of a s o i l  is m d e  on a s o i l  
body of some dimensions, v h i c h  may be l a r g e r  t han  a pedon o r  r e p r e s e n t  a small 
sample of J pedoo. 
sampling tube u s u a l l y  de t e rmines  the dimensions of some of t h e  sampling mi t t .  
3any s o i l s  a r e  s t u d i e d  i n  p r o f i l e s  exposed on t h e  s i d e  of  a p i t .  
i nves t iga t ed  by examin ing , the  s o i l  m a t e r i a l  removed by an auger.  
i nves t iga t ions  of t h i n  soils, a small p i t  can be dug and a s e c t i o n  of s o i l  removed 
with a spade. 
i n t a c t  on t he  ground f o r  s tudy .  A l l  of t hese  s o i l  volumes a r e  samples of  pedons,  
and knowledge of t h e  i n t e r n a l  p r o p e r t i e s  of a s o i l  is de r ived  mainly from s t u d i e s  
o f  such samples. They can be s t u d i e d  more r a p i d l y  than  e n t i r e  pedons; 
consequently, A much l a r g e r  number can be s tud ied  i n  many more p l a c e s .  

During f i e l d  o p e r a t i o n s  of a so i l  survey,  t h e  size of  a 

nany s o i l s  are 
For r a p i d  

The s e c t i o n  may be only 10 o r  15 cm a c r o s s  and can be l a i d  a l m o s t  

For many soils, t h e  in fo rma t ion  obtained from such a sample d e s c r i b e s  t h e  
pedon from which i t  is  t aken  w i t h  f e v  omissions. For o t h e r  s o i l s ,  however, 
important p r o p e r t i e s  of a pedon a r e  not  seen i n  t h e  sma l l e r  sample. For most 
s o i l s ,  d e t a i l e d  s t u d i e s  o f  some e n t i r e  pedons a r e  needed. The s m a l l e r  samples a r e  
used f a  d e t e r n i n e  how soil p r o p e r t i e s  vary from p lace  t o  p l ace .  Complete s t u d y  of 
~n e n t i r e  Teaon r e q u i r e s  t h e  exposure O! J v e r t i c a l  s e c t i o n  and t h e  removal a i  

A- 1 
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h o r i z o n t a l  s e c t i o n s  l a y e r  by l a y e r .  Horizons a r e  s tud ied  i n  both h o r i z o n t a l  aad 
v e r t i c a l  dimensions. 

For some s o i l s  it  i s  not  p r a c t i c a l  LO d i g  deep enough Lo r e v e a l  a l l  of  t he  
r e l a t i o n s h i p s  betveea s o i l s  and p l a n t s .  For  example, r o o t s  of  p l a n t s  may de r ive  
much of t h e i r  moisture  from f r a c r u r e d  bedrock c l o s e  t o  t he  s u r f a c e .  Desc r ip t ions  
i n d i c a t e  the na tu re  of t h e  s o i l - r o c k  contact  and a s  much a s  can be determined 
about t h e  upper p a r t  of the under ly ing  rock. 

The f o r m a t  of t h e  d e s c r i p t i o n  and t h e  o r d e r  i n  which i n d i v i d u a l  p r o p e r t i e s  
a r e  desc r ibed  a r e  less important than t h e  c o n t e n t  of t h e  d e s c r i p t i o n ,  bu t  
f o l l o v i n g  a s tandard format has  d i s t i n c t  advantages.  
c o n s i s t e n t l y  desc r ibed  i n  a given o r d e r ,  t h e  r eade r  is  helped i n  f i n d i n g  
information and the v r i t e r  is less likely t o  O m i t  important  f e a t u r e s .  A Standard 
format makes e a s i e r  t h e  coding of d a t a  f o r  automatic  p rocess ing  i n  an o r d e r l y  and 
sys t ema t i c  m a u e r .  
To depend e n t i r e l y  on such forms would imply t h a t  a l l  of t h e  s o i l  c h a r a c t e r i s t i c s  
t h a t  need t o  be  recorded a r e  k n o ~  and can be desc r ibed  i n  s t anda rd  terms. Some 
s o i l s  must be descr ibed a t  l e a s t  p a r t i a l l y  i n  n a r r a t i v e  fonu because they have 
unique c h a r a c t e r i s t i c s  not provided f o r  i n  t h e  s t anda rd  form. 
recording and r e t r i e v i n g  i n f o n u a t i o n  abou t  pedons w i l l  be  d i s c u s s e d  in more d e t a i l  
i n  Chapter 9 .  

I f  s o i l  p r o p e r t i e s  a r e  

. 
Hovever, t h e  l i m i t a t i o n s  of  s t anda rd  forms must be understood. 

Formats for  

Studying Pedons 

The d e s c r i p t i o n  of  a body of s o i l  i n  the f i e l d ,  vhe the r  an e,ntire pedon or ' .  
sample within i t ,  records Khe kinds o f  layers, t h e i r  depth r ad  thickness, and the 
p r o p e r t i e s  of each l a y e r .  These p r o p e r t i e s  i n - i u d e  c o l o r ,  t e x t u r e ,  s t r u c t u r e ,  
p r o p e r t i e s  of f a i l u r e  and d i s r u p t i o n ,  r o o t s  and animals and their traces, 
r e a c t i o n ,  s a l t s ,  and boundaries between l aye r s .  
e n t i r e  s a w l i n g  Uit a r e  a l s o  measured and recorded. 
are observed throughout t he  extent of t h e  polypedon; i n t e r n a l  features are 
observed from study of a pedon or J p a r t  of a pedon t h a t  is judged t o  be 
r e p r e s e n t a t i v e  of t h e  polypedon. 

Some p r o p e r t i e s  t h a t  app ly  t o  the 
General ly ,  e x t e r n a l  f e a t u r e s  

.For a soil d e s c r i p t i o n  t o  be of g r e a t e s t  v a l u e  t h e  p a r t  of t h e  landscape t h a t  
t h e  pedon r ep resen t s  should be known and recorded. Desc r ip t ions  of pedons t h a t  
represent an exte,nsive mappable a rea  a r e  g e n e r a l l y  more u s e f u l  than pedoos t h a t  
r ep resen t  t h e  border of an a r e a  o r  a small i nc lus ion .  
e x t e r n a l  and i n t e r n a l  f e a t u r e s  of t h e  soil, r e l a t e d  f e a t u r e s  such as v e g e t a t i o n  
aod cl imate  I /  and t h e  r e t t i n g - - t h e  p o s i t i o n  of  the p a r t i c u l a r  r o i l  i n  r e l a t i o n  t o  
o t h e r  s o i l s  rad t o  t h e  landscape as a whole. 

Cons ide ra t ion  i s  given t o  

Pedons for d e t a i l e d  s t u d y  of a s o i l  are s e l e c t e d  t e n t a t i v e l y  a t  f i r s t .  Areas 
t h a t  previous s t u d i e s  have shown t o  c o n t a i n  t h e  kind of s o i l  t o  be d e s c r i b e d  and 
sampled a r e  most comaonly chosen. The pedon is u s u a l l y  s e l e c t e d  on the  b a s i s  of 
e x t e r n a l  evidence. 
be one t h a t  has p r o p e r t i e s  e i t h e r  nea r  t h e  middle of t h e  range of t h e  taxon or 
n e a r  t h e  limits o f  the range. Having t e n t a t i v e l y  loca ted  a sample s i t e ,  it is 
probed v i t h  an auger ,  spade, o r  sampling tube  t o  v e r i f y  t h t  t h e  s o i l  docs have 
t h e  d i a g n o s t i c  f e a t u r e s  of t h e  soil and t h a t  i t s  p r o p e r t i e s  r e p r e s e n t  the d e s i r e d  
segment o f  i t s  range. 

Depending on t h e  purposes of t h e  s tudy ,  t h e  s e l e c t e d  pcdon may 

( L 3 O - V - S S 3 ,  ?lay 1981) 



A p i t  exposing a v e r t i c a l  face  approximately 1 m across t o  an a p p r o p r i a t e  
depth is convenient f o r  s tudying most s o i l s  in  d e t a i l .  2/ Horizontal  v a r i a t i o n s  
ln the pedon can be observed, a s  w e l l  a s  f e a t u r e s  too l i rgc o r  t o o  wide ly  spaced 
to be seen o therv ise .  
dis turbed by digging. 
s t a r t i n g  a t  the  top and working downward, t o  i d e n t i f y  s i g n i f i c a n t  d i f f e r e n c e s  in 
any property t h a t  would d i s t i n g u i s h  betveen adjacent  layers .  Boundaries between 
l a y e r s  a r e  marked on the  f a c e  of t h e  p i t ,  and the  layers  a r e  i d e n t i f i e d  and 
descr ibed.  

The s i d e s  of  t h e  p i t  a r e  cleaned of a l l  l o o s e  m a t e r i a l  
The exposed v e r t i c a l  faces  a r e  then examined, u s u a l l y  . 

Photographs can be  taken a f t e r  t h e  layers  have been i d e n t i f i e d  b u t  b e f o r e  t h e  
Prepara t ion  of a p r o f i l e  for v e r t i c a l  s e c t i o n  bas been d i s t u r b e d  f o r  descr ip t ion .  

photography w i l l  be descr ibed i n  Chapter 9.  
est imat ion o f  t h e  volume of s tones  o r  o ther  f e a t u r e s  (Chapter 81, t h e  g r i d  i s  
appl ied and t h e  counts a r e  made before  t h e  l a y e r s  a r e  dis turbed.  If samples a r e  
t o  be taken t o  t h e  labora tory  f o r  analyses  o r  o t h e r  s t u d i e s ,  they are c o l l e c t e d  
a f t e r  t h e  s o i l  has been descr ibed .  

I f  p o i n t  counts a r e  to  b e  made for 

Horizontal  r e l a t i o n s h i p s  between s o i l  f e a t u r e s  can be observed in-a c r o s s  
sec t ion  of e a c h . l a y e r  exposed by removing t h e  s o i l  above i t .  
s e c t i o n  needs t o  be l a r g e  enough t o  expose any s t r u c t u r a l  u n i t s .  A g r e a t  d e a l  more 
about a l a y e r  is apparent when a l s o  viewing it from above i n  ho r i zon ta l  s e c t i o n  
than when only s tudying a v e r t i c a l  sec t ion .  S t r u c t u r a l  units t h a t  a r e  otherwise 
not  obvious,  as  w e l l  as t h e  t h i r d  dimension of amny other  f e a t u r e s ,  can be seen  
and recorded. P a t t e r n s  of c o l o r  wi th in  s t r u c t u r a l  u n i t s ,  var i . a t ions  of p a r t i c l e  
s i z e  from t h e  o u t s i d e  t o  the i n s i d e  of s t r u c t u r a l  u n i t s ,  t h e  p a t t e r n  in which 
r o o t s  pene t ra te  s t r u c t u r a l  u n i t s ,  and s b i l a r  f e a t u r e s  a r e  o f t e n  s e e n  i n  
hor izonta l  s e c t i o n  more c l e a r l y  t h a n  hl a v e r t i c a l  exposure. 

Each h o r i z o n t a l  

Excavations assoc ia ted  wi th  roads,  ra i lwrys ,  gravel  p i t s ,  and other s o i l  
d i s turbances  provide easy access  f o r  s tudying soils. 
thickness  and o t h e r  p r o p e r t i e s  can be r e a d i l y  obsemed. 
p a r t i c u l a r  have been repea ted ly  subjec ted  t o  d i f f e r e n t  condi t ions  t h a n  exist in 
f r e s h  p i t s .  The soils d r y  o u t  o r  freeze and thaw from both t h e  s u r f a c e  and the 
sides. 
may accumulate near the  edges of exposures o r  be removed by seepage; and otber 
changes may have taken place.  
l abora tory  samples obtained f a r  enough away from excavat ions t o  a s s u r e  t h a t  the 
s o i l  has not been a f f e c t e d  by unuarul condi t ions.  

Var ia t ions  i n  l a y e r  
However, o l d  e r p o o u r e s  is 

Frequently,  t h e  r o i l  structure is more pronounced than is typical; salts 

Detai led s o i l  d e s c r i p t i o n s  must be made and 

Yany of the  p r o p e r t i e s  discussed i n  t h i s  chapter  need not be d e s c r i b e d  f o r  
every soil body inves t iga ted .  
of t h e  sampling  unit^ s tudied .  
of some s o i l s .  
chapter  need t o  be descr ibed.  
a t tmntion i n  d e t a r l  f o r  any given sampling u n i t :  
by preconceived ideas about what is important.  

Some need t o  be derctxbed f o r  o n l y  a small  f r a c t i o n  
A l l  of t h e  p r o p e r t i e s  a r e  needed i n  d e s c r i p t i o n s  

For some s o i l s ,  p r o p e r t i e s  o t h e r  than those discussed  in this 
Good judgment 0111 decide what p r o p e r t i e s  merit 

observat ions must no t  be l i m i t e d  

a .. 
Some General T;;h;s Used i n  Descr ibing Soils - 

Several  of the  general  terms f o r  i n t e r n a l  elements of t h e  s o i l  a r e  d e s c r i b e d  
here; other  more s p e c i f i c  terms a r e  described o r  def ined i n  fo l lowing  s e c t i o n s .  



A soil p r o f i l e  is a v e r t i c a l  s e c t i o n  through t h e  sail. I t  AS colrmonly 
, 

In p r a c t i c e ,  a d e s c r i p t i o n  conceived as a plane a t  r i g h t  ang le s  t o  t h e  surface. 
of a s o i l  p r o f i l e  includes some s o i l  p r o p e r t i e s  t h a t  can be determined only by 
i n s p e c t i n g  volumes cf s o i l .  
examination of a p r o f i l e ,  and t h e  p r o p e r t i e s  of t h e  pedon a r e  p ro jec t ed  from t h e  
p r o p e r t i e s  o f  t h e  p r o f i l e .  
s e v e r a l  meters o r  more, but is enough t o  include t h e  la rges t  s t r u c t u r a l  units. 

A d e s c r i p t i o n  o f  a pedon is cormronly based on 

The v i d t h  of a p r o f i l e  v a r i e s  from a few decimeters  t o  

A soil horizon is  a l a y e r ,  approximately p a r a l l e l  t o  t h e  s u r f a c e  of t h e  r o i l ,  
d i s t i n g u i s h a b l e  from ad jacen t  l a y e r s  by a d i s t i n c t i v e  s e t  o f  p r o p e r t i e s  produced 
by s o i l  forming proceri 'er .  The term l a g e r  r a t h e r  than horizon is  used i f  a11 o'f 
t h e  p r o p e r t i e s  a r e  i n h e r i t e d  from t h e  p a r e n t  m a t e r i a l  o r  no judgment is made as t o  
whether t h e  l a y e r  is gene t i c .  

A scquum ( p l u r a l  sequa) is a B horizon t o g e t h e r  v i th  any over ly ing  e l u v i a l  
horizons.  
so i l - fo rming  processes .  

A s i n g l e  scquum is t h e  product  of a s p e c i f i c  combination o f  

Host s o i l s  have s i n g l e  sequum, b u t  some have two o r  more. A Spodosol, f o r  
example, can form i n  t h e  upper p a r t  of an Alfisol, producing an e l u v i a t e d  zone and 
a spodic  horizon unde r l a in  by another.  e l u v i a t e d  tone ove r ly ing  JO a r g i l l i c  
horizon. 
above t h e  o t h e r  i n  t h e  same d e p o s i t ,  a r e  s a id  t o  a have a b i s e q u u .  

Such A s o i l  has  two sequr .  S o i l s  in which tvo r e q u a , h r v e  formed, one 

If  t w o  rsequa fomed  i n  d i f f e r e n t  d e p o s i t s  a t  d i f f e r e n t  times, the s o i l  i s  not - 
b i sequa l .  
m a t e r i a l  t h a t  vas deposi ted over ano the r  s o i l  t h a t  a l r e a d y  had A n  A-E-8 hor i zon  
sequence. 
bisequum. If t h e  horizons of  t h e  upper SCQUW 

extend i n t o  t h e  underlying sequum, t h e  a f f e c t e d  l a y e r  is considered p a r t  of the 
upper sequum. For example, the A hor i zon  of the lover so i l  8ay r e t . i n  some of its 
o r i g i n a l  c h a r a c t e r i s t i c s  and a l s o  have soau c h a r a c t e r i s t i c s  of t h e  o v e t l y i n g  s o i l .  
Here, t o o ,  the s o i l s  are not considered b i s e q u r l ;  the upper p a r t  of t h e  lover ro i l  
is t h e  p a r e n t  m a t e r i a l  of t h e  lower part of  t h e  c u r r e n t l y  forming soil. 
s o i l s  the  d i s t i n c t i o n  cannot be made v i t h  c e r t a i n t y .  Nevertheless ,  the 
d i s t i n c t i o n  is u s e f u l  vhen it can be made. Where some of t h e  C m a t e r i a l  of the 
upper scquum remains, t h e  d i s t i n c t i o n  is c l e a t .  

For example, a a o i l  having an A-E-B horizon sequence may form i n  

Each set of A-E-B horizons i s  a sequum bu t  the combination is not  a 
The lover set is a -- bur i ed  s o i l .  

In many 

The solum ( p l u r a l  - s o l a )  of  a s o i l  c o n s i s t s  of a s e t  of r e l a t e d  horizons. The - 
s o l &  of  a so11 p r e s e n t l y  a t  t h e  s u r f a c e ,  f o r  example, i nc ludes  a l l  ho r i zons  now 
formlog. I t  includes a bisequum but not a bur i ed  6 0 i l  o r  a l a y e r  t h 8 t  &c not 
acquired some of i t s  p r o p e r t i e s  by c u r r e n t l y  a c t i v e  soi l - forming p rocesses .  A 
bur i ed  s o i l  h a s  another  r o l u  because it vas  formed by p a s t  processes. 
of a s o i l  is not n e c e s s a r i l y  confined t o  t h e  zone of major b i o l o g i c a l  a c t i v i t y .  
Its g e n e t i c  horizoos may be expressed f a i n t l y  or prominently.  A solum does not 
have a maximum or a minimum t h i c k n e s s .  

The solum 

' I n  terms of r o i l  horizons desc r ibed  i n  t h i s  c h a p t e r ,  J solum c o n s i s t s  of A ,  
E 
a 
C 
ic t h e  same period of s o i l  formation. 

Solum and s o i l  3 re  not  synonymous. Some s o i l s  include lavers t h a t  a r e  not 
affected b v  sol1 i o r m a t i o n .  These l a v e r s  are not  p a r t  of t h e  solum. The number of 
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genet ic  horizons ranges from one t o  s e v e r a l .  

a l l u v i u m  o r  recent ly  exposed s o f t  sediment does not have a solum. 

An A horizon 5 cm t h i c k ' o v e r l y i n g  
, bedrock is by i t s e l f  t h e  solum. A s o i l  t h a t  c o n s i s t s  only of r e c e n t l y  deposi ted 

Although t h e  term "solum" is comonly  used i n  s o i l  sc ience ,  its a p p l i c a t i o n  
is not  sunple. 2/ In some s o i l s ,  t h e  a c t u a l  solum is not e a s i l y  determined; rod 
i n  some soils t h e  lower l i m i t  of t h e  solum can be set  only a r b i t r a r i l y  and needs 

carbonate accumulation a re  e a s i l y  v i s u a l i z e d  as p a r t  of  t h e  solum i n  many t o i l s  i n  
a r i d  and semiar id  environments. To coaceive of  hardened carbonate  a c c m u l a t i o a s  
extending f o r  5 meters o r  more below t h e  B hor izon  as p a r t  of t h e  solum is more 
d i f f i c u l t .  
sur face  and continues p r a c t i c a l l y  unchanged t o  a depth of many meters. Glcying 
immediately below t h e  A horizon is l i k e l y  t o  be r e l a t e d  t o  processes  of s o i l  
formation i n . t h c  modern r o i l .  A t  g r e a t  depth,  it i s  l i k e l y  t o  be re l ic t .  Huch 
t h e  same kind of problem exists i n  some deeply  weathered soi ls  i n  v h i c h  t h e  
deepest  o a t e r i a L  penet ra ted  by roots is  very s i m i l a r  t o  t h e  weathered m a t e r i a l  a t  
much g r e a t e r  deptb. 

. t o  be defined i n  r e l a t i o n  t o  t h e  p a r t i c u l a r  soil. For example, hor izons  of 

Cleyed s o i l  m a t e r i a l  begino i n  some so i l s  a few cent imeters  below t h e  

Features of t h e  Landscape and t h e  S o i l  Surface 

The s e t t i n g  of a soil-its p o s i t i o n  i n  the ~andscape--aad t h e  s u r f a c e  
f e a t u r e s  of t h e  s o r l  i t s e l f  deserve emphasis, not only i n  mapping S o i l s  but  a l s o  
la descr ib ing  them. 
s o l l s .  
o f  s o i l  boundaries can be deduced. 
along v i t h  i n t e r n a l  p r o p e r t i e s  of t h e  ro i l ,  a r e  i ~ p o r t a a t  in making p r e d i c t i o n s  
JbOUt s o i l  use,  management, and behavior. 
t ha t  a p a r t i c u l a r  s o i l  occupies should be d e s c r i b e d  SO that the r e a d e r  w i l l  know 
hov t h a t  soil f i t s  i n t o  t h e  landscape. 

Iandrcrpe f e a t u r e s  s t r o n g l y  inf luence  the d i s t r i b u t i o n  of 
From t h e  landscape, t h e  p r o p e r t i e s  and extent Of t h e  so i l  and t h e  l o c a t i o n  

Fea tures  of the S O 1 1  s u r f a c e ,  vhen cons idered  

The kind of l a n d f o r r  o r  the p a r t  of it 
, 0 

Surface f e a t u r e s  o t h e r  t h a n  rock fragments a r e  discussed i n  t h i s  s e c t i o n .  
Rock fragments, both on top  of t h e  s o i l  and v i t h i n  it, are covered i n  t h e  s e c t i o n  
"Soi l  t e x t u r e  and rock fragments." 

To l i s t  a l l  of the terms used t o  Ch8rJCtetiZe landforms is beyond the scope 
of t h i s  manual. 
d e f i n i t i o n  of terns. 

The l i t e r a t u r e  of geology and geomrpbologO guides  t h e  choice rad 

Relief r e f e r s  t o  t h e  e l e v a t i o n s  o r  d i f f e r e n c e s  i n  e l e v a t i o n ,  considered 
c o l l e c t i v e l y ,  of J land s u r f a c e  on a broad s c a l e .  

Hicrore l ie f  r e f e r r  t o  d i f f e r e n c e s  i n  r e l i e f  measured over  d i s t a n c e s  of 
cent imeters  o r  meters. 
uniform o r  it may be i n t e r r u p t e d  by mounds, swales ,  or  p i t s  t h a t  c o n t r a s t  sharp ly  
v i t h  t h e  broad p a t t e r n  of r e l i e f .  Examples inc lude  t h e  microre l ie f  c r e a t e d  when 
trees a r e  blovn over--cradle-knoll  microre l ie f - -cons is t ing  of t h e  k n o l l  l e f t  by 
t h e  e a r t h  t h a t  clung t o  the r o o t s  of t h e  tree when it Vas uprooted aad t h e  
depression from which i t  case. Coppice dunes form where windblowu s o i l  m a t e r i a l  
accumulates around v i d e l y  spaced p l a n t s  i n  a r i d  regions.  
expansion and cont rac t ion  of s o i l s  is a form of m i c r o r e l i e f .  Hima mound6 and 
biscui t -scabland a r e  o ther  examples of m i c r o r e l i e f ,  though i n  p l a c e s  i n d i v i d u a l  
mounds cover  100 sqwre meters or more. 

In a r e a s  of rami la r  r e l i e f ,  t h e  sur face  may be n e a r l y  

G i l g a i  produced by 
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Descriptions of microrelief s,hould indicate vhefher the mounds or depressions 
are closed, form A network, or i r e  in J l i n e a r  pattern. 
smooth surface, their site and spacing should be described. At a specific site 
vithin an area having microrelief, it is important t o  note whether a described 
pedon is a t  4 high point, on a slope, in J depression, or at some combination of 
these places. 
properties in depressions. 

If mounds rest on a 

Internal soil properties i n  mounds map be different from the 

To some, the term "topography" means the same thing as "relief," but is 
comooly used for features disclosed on J contour map. It should be avoided in 
describing soils, and the more specific terns--relief, landform, or slope--used 
i n s t e a d .  

Elevation above mean sea level should be recorded v i th  every pedon 
description. 
small, but in some surveys the range is great. 
topographic maps or by using a properly calibrated altupeter. 

In many soil surveys the difference in elevation vithin the area is  
Elevation can be determined from 

Soil Slope - 
The slope of the soil surface 

complexity, configuration, length, 
considered a property of the soil, 

has 
a ad 
not 

several distinct properties: gradient, 
aspect. 
a landform like a ridge or a valley side. 

In soil ~ C ~ ~ O C C ,  slope is 

Slope influences the retention and movement of water, transfer of heat, 
movement of soil material, rate and amount of nmoff, potential for Soil slippage 
and accelerated erosion, CJLC uith which machinery can be used, soil-water rtate;  
sod perhaps ocher factors. None of there, however, is a function of slope alone. 
Evaluation of the significance of the slope of a Soil must be made in relation to 
the other properties of the coil and to the environment. 

Slope gradient is the inclirution of the surface of the soil from the 
horizontal. 
elevation betveen tvo points is expresrsed JS a percentage of the distance between 
those points. 
100 m,  slope is 1 percent. 
4So slope the difference i n  elevation between tvo points 100 a apart horizontally 
1s 100 m. 
gradient and degree of slope angle: 

It is generally measured with a hand level. The difference in 

If the difference in elevation is 1 m over a horizontal disunce of 
A slope of 45' is a slope of 100 percent, since on 

The folloving list shows approximate equivalences betveen percentage 

Percentage 

0 
5 

10 
15 
20 
25 
30 
35 
LO 
50 
60 

- - 0  

h g l e  

O00O' 
2'52' 
5 O t 3 '  

8'32' 
11°19' 
16O02' 
16O42' 
19O17' 
21O48' 
26O34' 
30°58' 

h g l e  

O 0  

L O  

6 O  

8 O  

loo 
12O 
15O 
20° 
25 O 

30° 

90 
L 
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Percentage 

0 
3 .s 
7 .0 

10.5 
14.0 
17.6 
21.2 
26.8 
36. G 
46.6 
5 7 . 7  



percentage Ann1 e 

70 34O59' 
80 3 8 O 3 9 '  
90 41O59' 

100 4 5 O O O '  

Angle 

35O 
400 
65 O 

50° 

Percentage 

70.0 
83.9 

100.0 
119.2 

A g u i d e  t o . t e m i n o l o g y  f o r  var ious  s lope  c l a s s e s  def ined i n  terms of grad ien t  
and complexity is given i n  t a b l e  4-1. 
s lope ,  and they can a l s o  be used i n  naming s lope  phases ,  as discussed i n  t h e  next  
chapter .  

The terms a r e  used i n  d iscuss ing  s o i l  

The s i g n i f i c a n c e  of s lope  g r a d i e n t  v a r i e s . 6 0  much i d  r e l a t i o n  t o  o t h e r  s o i l  

Gently 
p r o p e r t i e s ,  s l o p e  p a t t e r n s ,  and t h e  purposes of s o i l  surveys t h a t  conventions a r e  
provided in t a b l e  4-1 t o  a d j u s t  t h e  s l o p e  limits of t h e  var ious  c l a s s e s .  
s loping o r  undula t ing  s o i l s ,  f o r  example, CJn be def ined  t o  range as broadly 8s 1 
t o  8 percent  o r  a s  narrowly a8 3 t o  5 percent .  Also, Some ClaSSeS may exceed even 
the broadest range i n d i c a t e d  i n  t a b l e  4-1 by a percentage p o i n t  o r  two where t h e  
range is narrow and by a s  much a s  5 percent  o r  more where t h e  range i s  broad. 

Terms a r e  provided f o r  both simple and coplplcx s l o p e s  i n  so& classes. 
Complex s lopes  are a c t u a l l y  a complex o f  SlOpeS--grOUpS of s lopes  t h a t  have 
d e f i n i t e  breaks i n  several d i f f e r e n t  d i r e c t i o n s  and i n  mO8t cases  markedly 
d i f f e r e n t  s l o p e  g r a d i e n t s  w i t h i n  t h e  areas d e l i n e a t e d .  

No hard and f a s t  rules f o r  terminology of s l o p e  g r a d i e n t  are poss ib le  o r  even 
d e s i r a b l e ;  n e v e r t h e l e s s ,  terns used t o  d e s c r i b e  v a r i o u s  g r a d i e n t s  6hould have 
about the same meaning wherever t h e y  a r e  used. 
s u f f i c i e n t  t o  cover  s l o p e  c l a s s e s  used i n  most s o i l  surpeys.  In  some surveys,  the 
number of s lope  c l a s s e s  needed f o r  var ious  i n t e r p r e t a t i o n s  exceeda t h e  number of 
groups i n  t h e  t a b l e .  I f  t h e  d e t a i l  of mapping r e q u i r e s  s l o p e  c l a s s e s  that are 
more d e t a i l e d  than t h o s e  in t ab le  4-1, some of t h e  c l a s s e s  can be divided as 
follows : 

The tern8 i n  t a b l e  4-1 a r e  

Nearly l e v e l :  Level,  Nearly l e v e l  
Gently s lop ing:  
S t rongly  s loping:  Sloping,  S t rongly  s l o p i n g  
Undulating: k n t l p  undulat ing,  Undulating 
Roll ing:  R o l l i n g ,  S t rongly  r o l l i n g  

Very gent ly  s lop ing ,  k n t l y  s l o p i n g  

For example, if i n  a highly  d e t a i l e d  sumey Slope c l a r s e r  of 0 t o  1 p e r c e n t  and 1 
t o  3 percent  a r e  used, t h e s e  would be named "level"  and "near ly  level ."  

Only i n  a very  g e n e r a l  way can s p e c i a l  s i g n i f i c a n c e  be a t tached  t o  s p e c i f i c  
s lope c l a s s e s  a c r o s s  t h e  e n t i r e  range of 6011 condi t ions .  
u n i t s ,  s lope c l a s s e s  must f i t  the  n a t u r a l  landscape and a l s o  meet the o b j e c t i v e s  
of t h e  survey. 

In designing mapping 

In many p l a c e s  i n t e r n a l  s o i l  p r o p e r t i e s  a r e  more c l o s e l y  r e l a t e d  t o  t h e  
conf igura t ion  of  t h e  s o i l  s u r f a c e  than t o  t h e  g r a d i e n t .  
a n  important i n f l u e n c e  on t h e  amount and r a t e  of runoff and on sedimentat ion 
assoc ia ted  wi th  runoff .  

Shape of t h e  s u r f a c e  h8s 
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. Surface  c o n f i g u r a t i o n  h a s  two components. One is i n  a d i r e c t i o n  roughly  
p a r a l l e l  t o  t h e  con tour s  of t h e  landform;  t h a t  i s ,  t h e  shape s e e n . b y  look ing  a L  
t h e  landform (or t h e  c o n t o u r  l i n e s  on a map) from d i r e c t l y  overhead. The o t h e r  
component of c o n f i g u r a t i o n  i s  i n  a d i r e c t i o n  pe rpend icu la r  t o  t h e  c o n t o u r s ;  t h a t  
is, t he  shape o f  t h e  s l o p e  a s  s e e n  from t h e  s i d e .  These c h a r a c t e r i s t i c s  o f  s l o p e  
a r e  i l l u s t r a t e d  i n  f i g u r e  4-1. The shape  p a r a l l e l  t o  t h e  contours  i s  less 
c o m o a l y  c o n s i s t e n t  f o r  a s o i l  t h a n  is the shape pe rpend icu la r  t o  t h e  c o n t o u r s .  

The shape p a r a l l e l  t o  t h e  c o n t o u r s  ( a c r o s s  t h e  s l o p e )  can be d e s c r i b e d  by t h e  

An a l l u v i a l  f a n  has  a convex c o n t o u r ,  
A cove on a h i l l s i d e  and a 
In f i g u r e  4-1, t h e  t w o  

shape of  the con tour s .  
s t r a i g h t  l i n e ,  a s  on t h e  s i d e  o f  a moraine .  
as  does a spur  o f  t h e  up land  p r o j e c t i n g  i n t o  a v a l l e y .  
c i rque  i n  a g l a c i a t e d  l a n d s c a p e  have  concave con tour s .  
upper b locks  have concave c o n t o u r s  and t h e  two l o v e r  b locks  have convex c o n t o u r s .  
Where t h e  contour  is  convex, r u n o f f  w a t e r  t ends  t o  sp read  l a t e r a l l y  AS i t  moves 
down t h e  s l o p e .  
concen t r a t ed  toward t h e  m i d d l e  o f  t h e  l rndform. 

The s h a p e  is l i n e a r  i f  con tour s  a re  s u b s t a n t i a l l y  a 

Where t h e  c o n t o u r  i s  concave, runoff  water  t ends  t o  be 

The shape of t h e  s u r f a c e  a t  r i g h t  a n g l e s  t o  t h e  con tour s  (up and down t h e  
s l o p e )  may a l s o  be  d e s c r i b e d  as l i n e a r ,  convex, o r  concave. Shape i n  t h i s  
dimension is u s u a l l y  i d e n t i f i e d  s imply  as s l o p e  shape i n  c o n t r a s t  t o  s l o p e  con tour  
io che  o t h e r  dimension.  The s u r f a c e  o f  a l i n e a r  s l o p e  is s u b s t a n t i a l l y  a s t r a i g h t  
l i n e  when seen  i n  p r o f i l e  a t  r i g h t  a n g l e s  t o  t h e  con tour s .  
i nc reases  nor  d e c r e a s e s  s i g n i f i c a n t l y  w i t h  d i s t J n c c .  An e x a q l e  i s  t h e  d i p  s l o p e  
of a cues t a .  On 9 concave s l o p e  ( f i g u r e  4-1, r i g h t ) ,  g r a d i e n t  d e c r e a s e s  dovn t h e  
s l o p e ,  a s  on f o o t  s l o p e s .  Runoff w a t e r  t ends  Lo d e c e l e r a t e  as it moves down t h e  
s l o p e ,  and i f  it i s  loaded  w i t h  s ed imen t ,  t h e  wa te r  t e n d s  t o  d e p o s i t  t h e  s e d b e n t  
on t h e  lower p a r t s  o f  t h e  s l o p e .  
t ends  t o  d i spose  of w a t e r  less r a p i d l y  t h a n  t h e  s o i l  above i t .  On a convex s l o p e  
(F igu re  4-1 ,  l e f t ) ,  such  as t h e  s h o u l d e r  of a r i d g e ,  g r J d i e n t  i n c r e a s e s  down t h e  
s l o p e  and runoff  t ends  t o  a c c e l e r a t e  as it  flows down t h e  s l o p e .  
lower p a r t  of  t h e  s l o p e  t e n d s  t o  d i s p o s e  of wa te r  bp runoff  mote r a p i d l y  t h a n  t h e  
s o i l  above i t .  The s o i l  on t h e  lower  p a r t  of a convex s l o p e  also is s u b j e c t  t o  
g r e a t e r  e ros ion  t h a a  t h e  h i g h e r - l y i n g  s o i l .  

The g r a d i e n t  n e i t h e r  

The soil on t h e  l o v e r  p a r t  o f  t h e  s l o p e  a l s o  

S o i l  on t h e  

The c o n f i g u r a t i o n  of the s u r f a c e  of 8 s o i l  may be  d,escr ibed i n  te rms  of  b o t h  
t h e  shape o f  t h e  con tour  and t h e  shape  o f  t h e  s l o p e .  
b e  descr ibed  a s  having a convex c o n t o u r  and a convex s l o p e  (an a l l u v i a l  f a n )  o r  a 
l i n e a r  contour  and a concave  s l o p e  ( t h e  b a r e  of a moraine) .  

For  example, a s u r f a c e  can  

Slope l eng th  has  an  i m p o r t a n t  b e a r i n g  on t h e  behavior  of v a t e r  and on t h e  
p o t e n t i a l  f o r  e r o s i o n .  Ruaoff  and p o t e n t i a l  r o i l  losses a r e  p r o p o r t i o n a l  t o  s l o p e  
l e n g t h ,  but  t h e  r e l a t i o n s h i p  is not t h e  same f o r  a l l  r o i l s  nor f o r  811 c o n d i t i o n s  
a t  any p lace .  Terms such  as "long" o r  "shor t"  can be used t o  describe s l o p e  
l eng ths  t h a t  a r e  t y p i c a l  of  c e r t a i n  k i n d s  of  s o i l s .  n e r e  terms a r e  u s u a l l y  
r e l a t i v e  v i t h i n  a p h y s i o g r a p h i c  r e g i o a .  A "1008". s l o p e  i n  one p l a c e  might  be 
"shor t"  i n  ano the r .  I f  s u c h  terms a r e  used,  t hey  a r e  de f ined  l o c a l l y .  When a 
soil is desc r ibed ,  t h e  l e n g t h  of t h e  s l o p e  t h a t  c o n t r i b u t e s  wa te r  t o  t h e  s i t e  
sampled is es t ima ted  i n  a d d i t i o n  t o  t h e  t o t a l  l e n g t h  o f  the s l o p e .  

Slope aspect is t h e  d i r e c t i o n  toward which t h e  s u r f a c e  of t h e  s o i l  f a c e s .  
The d i r e c t i o n  1s e x p r e s s e d  a s  a n  a n g l e  betveen Oo and 360° measured c l o c k v i s e  from 

descr lbed  I n  t h e  i i e l d ,  t h e  d i r e c t i o n  t h a t  the s l o p e  f a c e s  is r eco rded .  
? & . J C  - 3  nor th  o r  a s  a compass p o i n t  such  a s  e r s t  o r  nor th-nor thwes t .  Vhen s o i l s  a r e  
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Where d i r e c t i o n  o f  s l o p e  i s  t h e  p r i n c i p a l  varl 'able,  s o i l s  on nor th- fac ing  
s-apes in the northern hemisphere are  cooler  and have lower evapot ranspi ra t ion  
than soils on south-facing s lopes  because t h e  north-facing s o i l s  rece ive  less 
sunl ight .  In come c r i t i c a l  a r e a s  this may favor  t r e e s  on north-facing s lopes  and 
grass  on south-facing s lopes .  
than lover l a t i t u d e s  because t h e  angle of t h e  sun from t h e  e a r t h  is lower ac  high 
l a t i  tudes. 

Slope aspect  is  more c r i t i c a l  a t  high l a t i t u d e s  

Slope  aspec t  is also important i n  a reas  of s t r o n g  winds. 
areas  the winds blow from one general d i r e c t i o n  a t  l e a a t  Seasonal ly .  
Evapotranspiration is  higher  i n  a r e a s  facing t h e  p r e v a i l i n g  winds. Strong winds 
favor low-graving v e g e t a t i o n ,  such as  grasses  o r  shrubs,  over  trees. A l s o ,  s o i l  
temperature may be a l t e r e d ,  depending on whether the winds a r e  h o t  o r  cool .  

Usual ly  in these 

In mountainous a r e a s  s lope  c h a r a c t e r i s t i c s ,  exposure t o  wind, and e l e v a t i o n  
vary  within s h o r t  d i s t a n c e s .  
re la t ionships .  

A l l  of these must be  known t o  p r e d i c t  s o i l - p l a n t  

Rock Outcrog 

broken and mixed by t i l l a g e .  
body o f  underground bedrock; rock fragments a r e  d i s c r e t e  p i e c e s  of rock and are 
riot a t tached LO t h e  bedrock. 

- 
Rock outcrops a r e  exposures o f  bedrock. Host outcrops a r e  too hard LO b e  

The exposures a r e  p r e r u e d  t o  be a p a r t  of a l a r g e  

In some places ,  bodies  of rock 100 E o r  more in diameter  a r e  detached from 
ray extensive continuum of bedrock and may have been d i s p l a c e d ;  however, whether 
o r  not such bodies a r e  detached o r  displaced i s  n o t  r e a d i l y  observable  and for 
most purposes i s  not  rmpottant.  Bodies o f  rock t h i s  l a r g e  a r c  t r e a t e d  a s  bedrock. 
For bodies about t h e  s i z e  of a pedon, a d i s t i n c t i o n  between detached fragments an4 
exposed rock outcrop is more meaningful. 
cracks i n  which p l a n t s  can grow and tha t  appear  fO be d i s p l a c e d  l i t t l e  a r e  t r e a t e d  
a s  rock outcrop if t h e y  are  as l a r g e  as a pedon. 
or more across  t h a t  a r e  c l e a r l y  detached and disp laced ,  such a t  l a r g e  g l a c i a l  
e r r a t i c s ,  are  descr ibed a s  boulders (see "Rock fragments," p. 4 - 5 8 ) .  

General ly ,  bodies  o f  rock t h a t  have f e w  

Hovever, bodies  up t o  10 meters 

The e f f e c t s  of rock outcrop on land use depend on t h e  p a r t  of an a r e a  
occupied by outcrops,  t h e  size and rpacina o f  the outcrops ,  t h e  manner in which 
the outcrops pro t rude  above t h e  s u r f a c e  of the surrounding s o i l ,  the kind of land 
use, t h e  technology erPployed i n  us ing  the land,  rad the  p r o p e r t i e s  of  t h e  s o i l  
between the outcrops.  
useful  c r i t e r i o n  of the  s i g n i f i c a n c e  of rock outcrop. The spac ing  of ou tcrops  
determines hou o f t e n  o p e r a t i o n  of equipment a c r o s r  an a r e a  i o  i n t e r r u p t e d ,  the 
e f f i c i e n c y  of opera t ions ,  p r o b a b i l i t y  of equipment breakage, and the l i k e .  
manner in which outcrops pro t rude  above the aurrounding s o i l  s u r f a c e  a f f e c t s  t h e  
kind,s of equipment t h a t ' c a n  be used r a d  tbe  r o u t e s  of movement. 
a s  well a s  t h e  p r o p e r t i e s  of the surrounding r o i l ,  a r e  descr ibed  vhen a s i te  is 
surveyed. 

The area occupied by outcrops, by i tself ,  i s  n o t  t h e  most 

The 

These p r o p e r t i e s ,  
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, Classes  of a r ea  o f  rock o u t c r o p ,  i nc lud ing  s o i l  support ing l i t t l e  o r  no 
v e g e t a t i o n ,  a r e  a s  fol lows:  

C l a s s  1: Less than 0 . 1  p e r c e n t  of t h e  s u r f a c e  is exposed bedrock. 
Class 2 :  0 . 1  to 2 p e r c r a t  of t h e  s u r f a c e  i s  exposed bedrock. 
Class 3 :  2 t o  10 pe rcen t  of t h e  s u r f a c e  is expoled bedrock, ' 

Class I r :  10 t o  25 percen t  of t h e  s u r f a c e  i s  exposed bedrock. 
Class 5 :  25 t o  5Q p e r c e a t  of  t h e  s u r f a c e  is  exposed bedrock. 
Class 6 :  50 t o  90 p e r c e n t  of t h e  s u r f a c e  i s  exposed bedrock. 
Class 7:  Hore than 90 percent of the s u r f a c e  is  exposed bedrock. 

Vegetat ion 

Cor re l a t ions  betveen v e g e t a t i o n  and s o i l s  a r e  made f o r  t h r e e  main purposes:  
(1) understanding s o i l  g e n e s i s ,  ( 2 )  recognizing s o i l  boundaries ,  and (3) making 
predictions from s o i l  maps about  Lhe kind and amount of v e g e t a t i o n  produced. 

Khere p o s s i b l e ,  t h e  kinds and amounts of p l a n t s  i n  t h e  p o t e n t i a l  n a t u r a l  
vege ra t ion  on a s o i l  should be e s t ima ted .  
L O  the s o l 1  and i t s  genes i s .  
f i e l d s ,  cut-over  woodland, o r  h e a v i l y  grazed r anse ,  t h e  p re8cn t  v e g e t a t i o n  is . 
l r s t e d .  Records a r e  maintained of  t h e  cotmnon c u l t i v a t e d  cr..ps. 

Th i s  v e 8 e t a t i o n  1s most c l o s e l y  r e l a t e d  
Where v e g e t a t i o n  ha8 been altered, aa i n  abandoned 

nost  areas of t h e  United S t a t e s  and many o t h e r  coun t r i ca  have p u b l i c a t i o n s  
Some give important  r e l a t i o n s h i p s  . 
L i t e r a t u r e  of thi8 kind i c  a s c e m b h d  

t h a t  d e s c r i b e  i n  d e t a i l  t h e  comon  p l a n t s .  
bctveen t h e  p l a n t s  and t h e i r  envitonmencs. 
and becomes p a r t  of t h e  working d o c m e a t s  of the s o i l  surrvep. 

. For some a r e a s ,  most of t h e  in fo rma t ion  about  r o i l  use m d  c rops  grown on 
d i f f e r e n t  s o i l s  is a l r e a d y  known from s p e c i a l  s t u d i e s .  
complete notes  may r e v e a l  s o i l - p l a n t  r e l a t i o n s h i p s  not  p r e v i o u s l y  recognized.  
Care i s  taken t o  make r e g u l a r  obse rva t ions .  
methods designed t o  avoid b i a s  a r e  t h e  most r e l i a b l e .  
a p l ao  a r e  l i k e l y  t o  record mainly t h e  unusual Uses and unusual k inds  of p l a n t s  
t h a t  ca t ch  the  eye. 

Even i n  t h e r e  areas,  

Notes taken by a 8rmpliag p l a n  and by 
Casual notes t a k e n  v i a o u t  

mere s o i l s  a r e  examined, t h e  p r i n c i p a l  kinds of PlJntS a r e  l i s t e d  i n  t h e  
approximate o rde r  of  t h e i r  abundance. In f o r e s t e d  a r e a s ,  s e p a r a t e  t r e a t m e n t  i s  
o i t e n  necessary f o r  (1) t h e  f o r e s t  t rees ,  (2) t h e  under s to ry  of slarll trees and 
sh rubs ,  and ( 3 )  the ground ' cooe t  o f  l o w  growing sbrubr, herbaceous p l a n t s ,  mosies, 
and t h e  l i k e .  !!any s o i l s  of rangeland have an o v e r s t o r y  of sh rubs  or low trees, 
vhich ace l i s t e d  s e p a r a t e l y  from t h e  g r a s s e s ,  f o r b s ,  and o t h e r  ground cover.  An 
idea of  t h e  d e n s i t y  of s t a n d  o r  p l a n t  cover ,  such aS avcr8gc canopy cover  of trees 
or s h r u b s ,  can be given.  For trees, t h e  range i n  size of dominant s p e c i e s  can be 
given a s  "diameter b r e a s t  h igh"  i f  d e s i r e d .  Estimated pe rcen tage  of the ground 
covered by gras ses  and f o r b s  should be  included.  

Common names of  t h e  p l a n t s  may be used i f  such names a r e  c l e a r  and s p e c i f i c .  
33ny common names vary from p l a c e  t o  p l a c e  f o r  t h e  same s p e c i e s ,  and some names 
a r e  used f o r  d i f f e r e n t  s p e c i e s  i n  t h e  same region.  In a r e a s  where t h e  p l a n t s  a r e  
~ m p o r t a n t  : o r  t h e  use and i n t e r p r e t a t i o n  of t h e  s o i l  map, t h e  s o i l  su rvey  r eco rd  
should inciude both common and s c i e n t i f i c  names of  p i q n t s .  The p l a n t  
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i d e n t i f i c a t i o n  should be checked by p l a n t  taxonomists, e i t h e r  i n  t h e  f i e l d  o r  from 
col lec ted  specimens, but  t h e  s o i l  survey par ty  members a l s o  need to  l e a r n  both t h e  
colpmon and s c i e n t i f i c  names of t h e  p r i n c i p a l  p lan t8  and be ab le  t o  i d e n t i f y  them. 

A t  any one s i t e ,  only t h e  p r e s e n t  vege ta t ion  and cur ren t  management can be 
In  many a r e a s  of the United S t a t e s ,  almost a11 of t h e  land  is  under descr ibed.  

c u l t i v a t i o n .  
crop p l a n t s  are .  Nevertheless ,  t h e  crop p l a n t s  o r  t h e  p r i n c i p a l  weeds i n  
uncropped a r e a s  a r e  l i s t e d  f o r  t h e  s i te  where a pedon i s  s tudied .  
included in  t h e  d e s c r i p t i o n s  o f  mapping u n i t s  and kinds of soi l .  
v q e t r t i o n  can be determined, it is  descr ibed a s  v e l l .  

Weeds i n  unused a r e a s  a r e  a s  unl ike  the o r i g i n a l  p l a n t  comnunity as  

0 
Both a r e  

If t h e  o r i g i n a l  

By studping many sites of t h e  same kind of s o i l ' u n d e r  d i f f e r i n g  p l a n t  covers ,  
the  p o t e n t i a l  p l a n t  community and p r i n c i p l e s  Of p l a n t  succession f o r  t h a t  kind of 
s o i l  can b e  a s c e r t a i n e d .  
d i r e c t i o n  of change. 
land-use h i s t o r y  of  t h e  s i t e s  examined. 
succession t h a t  f o l l o v r  f i r e r  o r  h a r v e s t i n g  of f o r e s t s  1s important.  
p r i n c i p l e s  a r e  i s p o r t a n t  i n  g r a z i n g  a r e a s ,  vhere d i f f e r e n t  r p c c i e s  succ ted  one 
another when d i f f e ren t  grazing p r a c t i c e s  a r e  fol loved.  
s p e c i a l i s t s  can h e l p  g r e a t l y  i n  such rtudies, 

Such s t u d i e s  permit some measure of th,e rr te and 
Important p r i n c i p l e s  Can be developed by l e a r n i n g  t b e  

For example, the o r d e r  of  p l a n t  
S i m i l a r  

F o r e s t  and range 

n e  separa te  d e s c r i p t i o o s  of v e g e t a t i o n  a t  ind iv idua l  al ter  a r e  l a ter  
s m a r i z e d  f o r  kinds of s o i l  o r  map units i n  t h e  s o i l  sumey area .  The 
designat ion of t h e  a p p r o p r i a t e  range s i t e  o r  woodland s u i t a b i l i t y  group is 
included. I f  s o i l  a s s o c i a t i o n s  o r  complexes a r e  mapped, a p p r o p r i a t e  and u s e f u l  
descr ip t ions  of vege ta t ion  a re  prepared f o r  each s o i l .  

Vegetation, observed i n  the f i e l d  and on a e r i a l  photographs, can b e  of great 
help i n  c l a s s i f y i n g  and mapping s o i l s .  
p a t t e r n s  on a e r i a l  pbotographr v i t h o u t  coarpletc s o i l  examinations t o  t h e  f u l l  
depth of t h e  s o i l  Is c e r t a i n  t o  l e a d  t o  a 8011 MP with l i m i t e d  p r e d i c t i v e  value. 

B u t  t h e  use of e i t h e r  v e g e t a t i o n  o r  

Obsenrations of  t h e  growth of both n a t i v e  vege ta t ion  and c u l t i v r t e d  c rops  a i d  

a 
in recognizing soi l  boundaries and provide d i r e c t  information about  t h e  behavior  
of s p e c i f i c  p l a n t s  on d i f f e r e n t  k inds  of s o i l .  
e x r s t  betveen n a t i v e  v e t e t a t i o n  and kinds of soil; y e t  t h e r e  a r e  impor tan t  
exceptions. 
v l t h  c a r e f u l  obse-vat ions of bo th  s o i l s  and vegeta t ion ,  e x c e l l e n t  c o r r e l a t i o n s  can 
be es tab l i shed .  

Generally,  c l o s e  r e l a t i o n s h i p s  

A r e l l a b l c  s o i l  map CJOl lOf  be made by r t u d y i n ~  v e g e t a t i o n  a lone ;  b u t  

Over an extended per iod of c u l t i v a t i o n ,  farmers l e a r n  which c rops  do v e l 1  and 
which do poorly on d i f f e r e n t  kinds of s o i l  and a d j u s t  t h e i r  cropping p a t t e r n s  t o  
varying degrees accordingly.  
f a i l u r e  and rzagonable performance-the near  absence of a given c r o p  on a s p e c i f i c  
kind of s o i l  s a y  r e f l e c t  exper ience  wi th  t h e  s u i t a b i l i t y  of t h a t  k ind  of so i l  f o r  
the crop. 
f a r m e r ' s , c h o i c c  of f i e l d s  f o r  a given crop. 
interpretecl  w i t h  c r u t i o o  because of  economic f a c t o r s  , mAnJgment system8 , and 
farmer preierence. B u t  wi th in  f i e l d s  of a s i n g l e  crop, d i f f e r e n c e s  of vigor, 
stand,  o r  co lor  of t h e  crop or of veedr commonly mark s o i l  d i f f e r e n c e s  aad a r e  
v a l u a b l e . c l u e s  t o  t h e  l o c a t i o n  of  s o i l  boundaries. 

If t h e  d i f f e r e n c e s  a r c  h r g e - a s  betueen crop  

I f  t h e  d i f f e r e n c e s  a r e  small, many nonroi l  f a c t o r 8  Can de termine  t h e  
Relat ionships  observed m u s t  be 

I n  the  s o i l  survey record,  t h e  c h a r a c t e r i s t i c s  of growth and the use of 
important p l a n t s  a r e  descr ibed in r e l a t i o n  t o  t h e  ind iv idua l  s o i l s  aod' t h e i r  
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management. 
e a t e n  by d i f f e r c o t  k inds  of g r a z i n g  an ima l s  are i tapor tan t .  
r e sed rch  p l o t s  and t h e  expe r i ence  o f  r a n c h e r s  a r e  h e l p f u l  i n  rpakiog estimates f o r  
map u n i t s  o r  groups o f  map units. 
u n d e s i r a b l e  p l r o t r  may need s p e c i a l  emphasis .  
weedy plants on s o i l  used f o r  g r a z i n g  a r e  d e s c r i b e d  o r  p r e d i c t e d .  

The s e a s o n a l . g r o v t h  and p a l a t a b i l i t y  o f  the v a r i o u s  k inds  of p l a n t s  
The r e s u l t s  from ' 

The k inds  and amounts of poisonous and o t h e r  
C u r r e n t  o r  p o t e n t i a l  i n v a s i o n s '  of 

Care is needed i n  r e l a t i n g  the k i a d  and v i g a r  o f  p l a n t  cove r  t o  expec ted  
performance of  o t h e r  p l a o t s  i n  a c u l t u r a l  e n v i r o u n c n t  on a g iven  s o i l .  
c u l t i v a t e d  a o d . n a t i v e  p l a n t s  have d i f f e r e n t  r equ i r emen t s .  
soil p r o p e r t i e s  t h a t  a r e  iafportaot  i f  a q o i l  i s  i r r i g a t e d  may have l i t t l e  e f fec t  
on t h e  o r i g i n a l  s e m i a r i d  g r a s s l a n d .  
about  a map u n i t  musf t a k e  f u l l  account  of t h e  i n t ' . u t n c e  of 6011 p r o p e r t i e s  on 
management a s  vel1 a s  on n a t u r a l  v e g e t a t i o n .  

D i f f e r e n t  
Some d i f f e r e n c e s  i n  

C h t r i f i c a t i c o  of a r o i l  rod p r e d i c t i o n s  

By t h e  time t h e  f i e ldwork  is completed,  eaough d a t a  w i l l  have been a r t embled  
from t h e  survey  o r  from o t h e r  aources  t o  d e s c r i b e  t h e  approximate p r o p o r t i o n s  of 
each  map u n i t  i n  t h e  major l and  use  classes ( c r o p l a n c ,  PaIStUre, Orchard,  f o r e s t ,  
i d l e  l a n d ,  e t c . ) ,  JS w e l l  as t h e  p r i n c i p a l  Crops,  p a s l u r e  o r  range p l a n t s ,  trees, 
and veeds o f  t h e  v a r i o u s  s o i l s .  The u s e s  of t h e  soil:. t h e  crop8 g r m ,  t h e  
cornmoo weeds, and t h e  management sys tems used a r e  rec;. .ded i n  r e l a t i o n  t o  map 
units. Depar tures  from t h e  g e n e r a l  p a t t e r n s  of t h e  J X  as a r e  no ted ,  b u t  c a r e  is 
e x e r c i s e d  t o  r eco rd  t h e  comon  as w e l l  as  the unusua l  b..cS, p h O L S ,  and p r a c t i c e s .  

P a r e n t  M a t e r i a l  

Pa ren t  m a t e r i a l  refers t o  t h a t  g r e a t  v8r ie ty  of unconro i ida t ed  o r g a n i c  and 
mine ra l  m a t e r i a l s  i n  v h i c h  soi ls  form. F r e s h  p e a t  and unconso l ida t ed  m i n e r a l  
m a t t e r  a r e  p a r e n t  m a t e r i a l  by t h i s  concep t ,  b u t  c o n s o l i d a t e d  bedrock is  n o t .  

tfucb o f  t h e  m i n e r a l  m a t t e r  i n  v h i c h  8 0 1 l t  form d e r i v e s  i n  one way o r  a n o t h e r  
from hard rocks ,  such  a t  g r a n i t e .  G l a c i e r s  may g r i n d  t h e  g r a n i x  i n t o  rock  
fragments  and e a r t h y  m a t e r i a l  r a d  d e p o s i t  a m i x t u r e  of g r a n i t e  F a r t i c l e s  as 
g l a c i a l  t i l l ;  such  m a t e r i a l  is  i d e n t i f i e d  as " g l a c i a l  till d e r i v r d  from g r a n i t e . "  
I n  c o n t r a s t ,  g r a n i t e  may be v c a t h e r c d  w i t h  g r e a t  chemical  and p h ) - ; i c a l  changes b u t  
no t  moved from i ts  p l a c e  of  o r i g i n ;  t h i r  a l t e r e d  m a t e r i a l  i s  called "residuum from 
g r a n i t e .  ". 

The p a r e n t  mater ia l  of a g e n e t i c  h o r i z o n  canno t  be observed in i t s  o r i g i n a l  
s t a t e ;  L C  must be i n f e r r e d  from t h e  p r o p e r t i e s  t h e  hor izon  ha8 i n h e r  t e d  and from 
o t h e r  ev idence .  In  some s o i l s ,  t h e  p a r e n t  m a t e r i a l  has changed litt:., and v b r t  
i t  v a s  l i ke  can  be  deduced v i t h  conf idence .  Io o t h e r s ,  such JS some c r y  o l d  
solls of  the t r o p i c s  and may o r g a n i c  soils, the s p e c i f i c  k ind  of parc; i t  m a t e r i a l  
o r  its mode of o r i g i n  is s p e c u l a t i v e .  

I n  some c a s e s ,  l i t t l e  is gained  from a t t e a r p t i a g  t o  d i f f e r e n t i a t e  b tween 
geo log lc  weather ing  r a d  r o i l  fo rma t ion  because  b o t h  are weather ing  p r o c e s s e s .  
may be  p o s s i b l e  t o  i n f e r  t h a t  a m a t e r i a l  v4s weathered p r i o r  t o  r o i l  fo rma t ion .  
I n  t h e  v e a t h e r i o g  p r o c e s s  some c o n s t i t u e n t s  have been l o s t ,  tome have been  
t r ans fo rmed ,  aod o t h e r s  have been c o n c e n t r a t e d .  

l e  



The p a r e n t  m a t e r i a l  of J modern mineral  s o i l  is not  n e c e s s J r i l y  residuum from 
t h e  bedrock t h a t  is d i r e c t l y  below. 
important p r o c e s r  and can be appreciable  even on g e n t l e  SlopeI ,  e s p e c i a l l y  .on v e t y  
o l d  landscaper .  Also, r o i l s  form i n  d i f f e r e n t  l a y e r s  of e e d h e n t r r y  rocks.  The 
m a t e r i a l  t h a t  developed i n t o  a modern s o i l  may be = r e l a t e d  t O  t h e  underlying 
bedrock. 

Hovcment of s o i l  m a t e r i a l  domslope  i s  an 

Seldom is t h e r e  c e r t a i n t y  t h a t  J highly weathered m a t e r i a l  weathered i n  
place.  
it has been der ived  from rock l i k e  t h a t  vhich u n d e r l i e r  i t  and when evidence is 
lacking t h a t  i t  ha8 been modified by movement. 10 s loping  r o i l s  a rock f r a m n t  
d i s t r i b u t i o n  t h a t  decreares  i n  amount with increar ing  depth,  e s p e c i a l l y  over  
s a p r o l i t e ,  i n d i c a t e 8  t h a t  soil m a t e r i a l  probably has been t ranspor ted  do-rlope. 
Stone l i n e s ,  e s p e c i a l l y  i f  t h e  s tones  have a d i f f e r e n t  l i t h o l o m  than  the 
underlying bedrock, provide evidence t h a t  the  8011 d i d  n o t  form e n t i r e l y  i n  
residuum. In some s o i l s *  t ranspor ted  mater ia l  o v e r l i e s  residuum and i l l u w i a l  
organic  mat te r  and c l a y  f i lms  a re  ruperimposcd a c r o s r  t h e  d i s c o n t i n u i t y  between 
t h e  c o n t r a s t i n g  mater ia l s .  A c e r t a i n  degree of landrcape s t a b i l i t y  i s  i n f e r r e d  
f o r  r e s i d u a l  s o i l s ,  and J lesser degree is i n f e r r e d  f o r  s o i l s  t h a t  developed i n  
t ranspor ted  m a t e r i a l .  

The term "reriduum" i r  used when the  p r o p e r t i e s  of t h e  r o i l  i n d i c a t e  t h a t  

Both consol ida ted  and u c o n s o l i d a t e d  m a t e r i a l  beneath t h e  solum tha t  
inf luence  t h e  genes is  and behavior of t h e  r o i l  are descr ibed i n  r tandard  terms. 
Besides t h e  o b r c m r t i o n r  thCmlelVC8, the S C l e n t i r t  record8 h i 8  judgment about  t h e  
o r i g i n  of t h e .  p a r e n t  m a t e r i a l  from which the oolup developed; bu t  o b r e m a t i o n s  
must be  separa ted  c l e a r l y  from inferencer .  

The h ~ r d o e a 8 ,  l i t h o l o g i c  composition, and hydraul ic  c o n d u c t i v i t y  of t h e  
m a t e r i a l  d i r e c t l y  beneath t h e  rolun are  important. 
the mater ia l - - tex tura l  d i f f e r e n c e s ,  s tone  l i nes ,  and t h e  like--need t o  be noted. 
Hany soils obviously developed from s t r a t i f i e d  p a r e n t  m a t e r i a l ;  o t h e r s  seem t o  
have developed from uniform m a t e r i a l  l i k e  t h a t  d i r e c t l y  beneath the solum, 
although t h i r  conclusion is r a r e l y  c e r t a i n  without chemical, phys ica l ,  and 
minera logica l  o r  r t r a t i g r a p h i c  da ta .  

Evidence of s t r a t i f i c a t i o n  of 

4 

Commonly, t h e  upper l a y e r s  of outvarh deporita a c t t l e d  O u t  of more slowly 
moving water and a r e  f i n e r  i n  t e x t u r e  than the lower 1JyerS. 
volcanic  ash  a r e  l a i d  down a t  d i f f e r e n t  rater in b l a n k e t s  of varying t h i c k n c s r .  
Examples of such complicationr are near ly  endless .  

Windblown f i n e s  and 

Where alluvium, l o e s s ,  o r  arh are quickly dropped on o l d  s o i l s ,  bur ied  r o i l s  
Elsewhere t h e  accumulation of mineral  material on t h e  t o p  may be well preserved.  

of t h e  s o i l  is so glow t h a t  t h e  r o h m  thickens Only gradual ly .  
m a t e r i a l  beneath t h e  s o l k  war once near  the s u r f a c e  but  u y  now be buried below 
the  zone of a c t i v e  weathering. 

In rucb p l a c e r  t h e  

Where hard rocks o r  o t h e r  s t r o n g l y  c o n t r a s t i n g  ~ t e r i a l 8  l i e  near  enough t o  
t h e  s u r f a c e  t o  a f f e c t  t h e  behavior of t h e  s o i l ,  t h e i r  depths  need t o  be measured 
accura te ly .  The depth of s o i l  over such nonconforming m a t e r i a l s  i s  an important  
c r i t e r i o n  f o r  d i s t i n g u i s h i n g  d i f f e r e n t  kinds of soil. 

The c l a s s i f i c a t i o n  and nomenclature of rock8 and of g e o l o s i c a l  formations 
f a l l  i n  t h e  f i e l d  of geology acid a r e  not d e a l t  wi th  i n  thir manual. 
m a t e r i a l s  need t o  be defined i n  accordance with t h e  rccepted s tandard8  and 
nomenclature of geology. The best  textbooks,  handbooks, and monographs on geology 

Geological  
. 
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t h a t  app ly  t o  t h e  a r e a  a r e  used a s  r e f e r e n c e s . .  The accepted  a u t h o r i t a t i v e  names 
of  t h e  g e o l o g i c a l  f o r m a t i o n s  a r e  r eco rded  i n  soil d e s c r i p t i o n s  vhere t h e s e  can  be 
i d e n t i f i e d  v i t h  r e a s o n a b l e  accu racy .  As s o i l  r e s e a r c h  p r o g r e s s e s ,  a 0  i n c r e a s i n g  
number of  c o r r e l a t i o n s  a r e  be ing  found be tveen  p a r t i c u l a r  g e o l o g i c a l  fo rma t ions  
and t h e  m i n e r a l  and n u t r i e n t  COntent of p a r e n t  m a t e r i a l s  and soils. For example,  
c e r t a i n  t e r r a c e  m a c e r i a l s  and d e p o s i t s  of v o l c a n i c  a s b  t h a t  a r e  d i f f e r e n t  i n  a g e  
or s o u r c e ,  b u t  o t h e r w i s e  i n d i s t i n g u i s h a b l e ,  v a r y  wide ly  i n  t h e  c o n t e n t  of c o b a l t .  
Vide v a r i a t i o n s  i n  t h e  phosphorus  c o n t e n t  of two o t h e r w i s e  s i m i l a r  s o i l s  may 
r e f l e c t  d i f f e r e n c e s  i n  t h e  phosphorus c o n t e n t  o f  two s i m i l a r  l imes tones  t h a t  can 
be d i s t i n g u i s h e d  i n  t h e  f i e l d  o n l y  by s p e c i f i c  f o s s i l s .  

I n  r e l a t i o n  t o  s o i l  f o r m a t i o n ,  l i t h ’ o l o g i c  composi t ion  o f t e n  is  more impor t an t  
t h a n  mode of f o r m a t i o n  of  t h e  rock .  S o i l s  d e r i v e d  from b a s a l t  and so i l s  d e r i v e d  
from l i m e s t o n e  a r e  l i k e l y  t o  be  more a l i k e  t h a n  s o i l s  d e r i v e d  from b a s a l t  and 
t h o s e  d e r i v e d  from q u a r t z  d i o r i t e .  

The p r i n c i p a l  broad s u b d i v i s i o n s  o f  p a r e n t  m a t e r i a l  a r e  d i s c u s s e d  i n  t h e  
f o l l o v i n g  pa rag raphs .  

M a t e r i a l  Produced 5 Weather ing  o f  Rock i n  P l a c e  

The k inds  of m a t e r i a l  produced by v e a t h e r i n g  of rock i n  p l a c e  are r e l a t e d  t o  
t h e  n a t u r e  of t h e  o r i g i n a l  rock .  The s o i l  forms i n  t h e  weathered m a t e r i a l  i t s e l f ,  
which may have undergone v a r i o u s  changes from t h e  o r i g i n a l  rock ,  i n c l u d i n g  changes  
in volume and l o s s  of m i o e r a l s  such  a s  p l a g i o c l a s e  f e l d s p a r  and o t h e r  e a s i l y  
v e a t h e r e d  m i n e r a l s .  
change i n  volume o r  i n  t h e  o r i g i n a l  rock s t r u c t u r e .  
v e a t h e r i n g  ends  and s o i l  fo rma t ion  b e g i n s  is not a lways  c l e a r .  
be c o n s e c u t i v e  and e v e 0  o v e r l a p p i n g .  S a p r o l i t e ,  l i k e  l o e s s  and g l a c i a l  t i ll ,  
e s s e n t i a l l y  is  p a r e n t  m a t e r i a l .  Quite d i f f e r e n t  s o i l s  may form from s imilar  o r  
even i d e n t i c a l  rocks  unde r  d i f f e r e n t  w e a t h e r i n g  c o n d i t i o o s .  Tex tu re ,  c o l o r ,  
c o n s i s t e n c e ,  and o t h e r  c h a r a c t e r i s t i c s  o f  t h e  mater ia l  a r e  d e s c r i b e d  as w e l l  81  

Fmportant f e a t u r e s  s u c h  a s  q u a r t z  d i k e s .  
o b t a i n e d  abou t  t h e  m i n e r a l o g i c a l  compos i t ion ,  h r d n e s s ,  and s t r u c t u r e  of t h e  
p a r e n t  rock i t s e l f  s h o u l d  b e  added t o  h e l p  io  u n d e r s t a o d i n g  t h e  chaoges from 
p a r e n t  rock t o  v e a t h e r e d  m a t e r i a l .  

Under some c o n d i t i o n s  rocks  may l o s e  m i n e r a l s  w i t h o u t  any 
Tbe p o i n t  where rock  

The p r o c e s s e s  may 

A s  much u s e f u l  i n f o m a t i o n  as cao be  

Igneous rocks  formed by t h e  s o l i d i f i c a t i o n  of wol tcn  m a t e r i a l s  t h a t  
o r i g i n a t e d  w i t h r n  t h e  e a r t h .  Examples of  igneous rocks  t h a t  weather  t o  i m p o r t a n t  
s o i l  m a t e r i a l  a r e  g r a n i * - .  s y e n i t e ,  b J S J l t ,  a n d e s i t e ,  d i a b a s e ,  and r h y o l i t e .  

‘ 

S e d i m e n t a m  rocks tormed from sed imen t s  l a i d  down i n  p rev ious  g e o l o g i c  ages .  
6- 

The p r i n c i p a l  broad  g roups  of  s ed imen ta ry  rocks  a r e  l imes tone ,  s a n d s t o n e ,  s h a l e ,  
and conglomera te ,  all o f  which have v a r y i n g  d e g r e e s  of  ha rdness .  There  a re  many 
v a r i e t i e s  of these b road  c l a s s e s  o f  s ed imen ta ry  r o c k s  and many types i n t e r m e d i a t e  
be tvcen  them, such  a s  c a l c a r e o u s  s a n d s t o n e  rod  8renaceouti  l imes tone .  Chalk aod 
marl a r e  s o f t  v a r i e t i e s  o f  l i m e s t o n e .  Also  i n c l u d e d  a r e  . depos i t s  of d ia tomaceous  

, e a r t h ,  v h i c h  formed from t h e  s i l i c e o u s  remain6 o f  p r i m i t i v e  p l a n t s  c a l l e d  d i a toms .  

Metamorphic rocks  r e s u l t e d  from profound a l t e r a t i o n  of igneous  and - 
sed imen ta ry  r o c k s  by h e a t  and p r e s s u r e .  
i m p o r t a n t ’ a s  s o u r c e s  o f  v e a t h e r e d  p a r e n t  m a t e r i a l  of soils a r e  g n e i s s ,  s c h i s t ,  
s l a t e . ’ m a r b l e ,  q u a r t z i t e ,  and p h y l l i t e .  

Gene ra l  c l a s s e s  of metamorphic rocks  

( L 3 0 - V - S S H .  Zay 1981)  



About th ree -qua r t e r s  of t he  land a rea  o f  the world is under l a in  by 
sedimentary rocks and one-quarter  by igneous and metamorphic rocks.  

Transported Ha t e  r i a  I 

The most ex tens ive  group of paren t  m a t e r i a l s  i n  t h e  world is t h e  ve ry  broad.  
group of m a t e r i a l s  t h a t  have been moved from t h e  p l a c e  of  t h e i r  o r i g i n  and 
deposited elsewhere. 
aamed according t o  t h e  main f o r c e  r e spons ib l e  f o r  t h e i r  t r a n s p o r t  and d e p o s i t i o n .  
In most places  s u f f i c i e n t  evidence i s  J V J i h b h  t o  make a c l e a r  de t e rmina t ion ;  . 
elsewhere the p r e c i s e  o r i g i n  is unce r t a in .  

The p r i n c i p a l  groups of t r a n s p o r t e d  m a t e r i a l s  are  u s u a l l y  

In s o i l  morphology and c l a s s i f i c a t i o n ,  i t  is exceedingly important  t h a t  t h e  
c h a r a c t e r i s t i c s  of t h e  m a t e r i a l  i t s e l f  be observed and desc r ibed .  I t  is not 
enough simply t o  i d e n t i f y  the p a r e n t  m a t e r i a l  JS JllUvium, lOeSS, or  g l a c i a l  till. 
Such names supplement t h e  d e s c r i p t i o n s  of t h e  m a t e r i a l ,  and any doubt of t h e  
co r rec tness  of t h e  i d e n t i f i c a t i o n  is mentioned. For example, it is o f t e n  
m p o s s i b l e  t o  be sure whether c e r t a i n  s i l t y  d e p o s i t s  are  al luvium, loess, or 
residuum. Cer t a in  mud flows are i n d i s t i n g u i s h a b l e  from glrCi.1 till. 
g l a c i a l  till is n e a r l y  i d e n t i c a l  t o  sandy outwash. 
d i s t i n c t i o n s  a r e  n o t  very s i g n i f i c a n t .  

Some sandy 
However, such hard-to-make 

, 

Material  moved and depos i t ed  by water 

Alluvium.--Alluvium c o n s i s t s  of  sediment d e p o r i t e d  by s t reams and r i v e r s .  I t  
may occur on t e r r a c e s  well  above p r e s e n t  s t reams o r  i n  t h e  n o m l l y  f looded bottom 
land of e x i s t i n g  s t reams.  
d i s sec t ed  country f a r  from any p r e s e n t  stream. Along may o l d  e s t a b l i s h e d  s t reus  

i w e d i a t e  flood p l a i n ,  up s t e p  by s t e p  t o  t h e  v e w  o l d  d e p o s i t s  on t h e  h i g h e s t  
t e r r a c e s .  In some p l a c e s  r e c e n t  alluvium cove r s  o l d e r  t e r r a c e s .  

Remnants of  ve ry  o l d  stream terraces may be found i n  

l i e  a vhole series of  a l l u v i a l  d e p o s i t s  i n  terraces--young d e p o s i t s  i n  t h e  f 

Lacustr ine d e p o s i t s .  --These d e p o s i t s  c o n s i s t  of material t h a t  has  s e t t l e d  o u t  
of t he  s t i l l  water of l akes .  Deposi ts  l a i d  down i n  fresh-water  lakes a s s o c i a t e d  
with g l a c i e r s  a r e  c 0 ~ 0 0 l y  included as a kind of U l J C i J l  d r i f t .  Besides t h e s e  are 
o t h e r  lake d e p o s i t s ,  i nc lud ing  some of P l e i s t o c e n e  age, n o t  JSSOCiJted w i t h  t h e  
con t inen ta l  g l a c i e r s .  Some o l d  l a k e  bas ins  i n  t h e  western United S t a t e s  are  
commonly c a l l e d  p l ayas ;  t h e  s o i l s  i n  these  b a s i n s  m ~ y  be more o r  less s a l t y ,  
depending on c l ima te  and drainage.  

?brine sediments. --These sediments s e t t l e d  . o u t . o f  t h e  sea and were reworked - 
by c u r r e n t s  and t i d e s .  
cons t ruc t ion  of d i k e s  and d ra inage  canals .  
resemble l a c u s t r i n e  d e p o s i t s .  

Later they were exposed e i t h e r  n a t u r a l l y  o r  f o l l o w i n g  t h e  
They v a r y  widely i n  c o q o s i t i o n .  Some 

Beach deposits.--Beach d e p o s i t s  mark t h e  p r e s e n t  o r  f o m e r  S h o r e l i n e s  of t h e  - 
sea or lakes .  These d e p o s i t s  a re  low r idges  of s o r t e d  m a t e r i a l  and a r e  commonly 
saady, g rave l ly ,  cobbly,  o r  s tony.  
l a k e s  are usua l ly  included wi th  g l a c i a l  d r i f t .  

Deposits on t h e  beaches of former g l a c i a l  
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% ~ t e r i a l  moved and depos i t ed  by wind 

Uindblom m a t e r i a l  can b e  d iv ided  inLo  groups based on p a r t i c l e  s i z e  or on 
o r i g i n .  L'oi:anic a s h  a n d  c i n d e r s  a r e  examples of m a t e r i a l s  c l a s s e d  by both 
p a r t i c l e  s i z e  and o r i g i n .  Other  v indblovn m a t e r i a l  t h a t  i s  mainly s i l t y  is c a l l e d  
loess, and t h a t  vh ich  is p r i m a r i l y  sand is c a l l e d  e o l i a n  sand .  Eo l i an  sand is  
commonly b u t  n o t  a lvays  i n  dunes. 
loess and sandy dune m a t e r i a l  can be found. 

Near ly  a l l  t e x t u r e s  i n t e w e d i a t e  betveen s i l t y  

Volcanic  ash  and c i n d e r s  a r e  sometimes r ega rded  as unconso l ida t ed  igneous 
rock ,  b u t  they have been moved from t h e i r  p l a c e  of o r i g i n  and most have been 
reworked by vind and i n  p l a c e s  by w a t e r .  
2 mm. Ash s m a l l e r  t han  0 . 0 5  am may be c a l l e d  " f i n e  ash."  C inde r s  a r e  v o l c a n i c  
e j e c t a  2 arm o r  l a r g e r .  
c i n d e r s .  1 

Ash is v o l c a n i c  e j e c t a  s m a l l e r  t han  

(Host g e o l o g i s t s  use  d i f f e r e n t  size l imits  f o r  a s h  and 

' L o e s s  d e p o s i t s  t y p i c a l l y  a r e  v e r y  s i l t y  b u t  may c o n t a i n  s i g n i f i c a n t  amounts - 
of c l a y  and  ve ry  f i n e  sand.  The m a t e r i a l  is g e n e r a l l y  c a l c a r e o u s .  Host l o e s s  
d e p o s i t s  a r e  p a l e  brown t o  brown, a l t h o u g h  g r a y  and red  c o l o r s  a r e  comon .  The 
t h i c k  d e p o s i t s  a r e  g e n e r a l l y  mass ive  and have some gross v e r t i c a l  c rack ing .  
w a l l s  of  road CUCS in t h i c k  l o e s s  s t a n d  n e a r l y  v e r t i c a l  for y e a r s .  Other  s i l t y  
d e p o s i t s  cha t  formed i n  o t h e r  vays ,  however, bave some or a l l  o f  t h e s e  
c h a r a c t e r i s t i c s .  Some vindolown s i l t  h a s  been leached  and s t r o n g l y  weathered so 
t h a t  i t  i s  a c i d  and r i c h  in c l a y .  On t h e  o t h e r  hand,  some young d e p o s i t s  o f  
windblom m a t e r i a l ,  c a l l e d  loess, a r c  mainly s i l t  and v e r y  f a n e  sand and a r e  
exceedingly  low i n  c l a y .  

The 

Sand dunes,  e s p e c i a l l y  i n  humid r e g i o n s ,  c h a r a c t e r i s t i c a l l y  c o n s i s t  of  sand ,  -- 
e s p e c i a l l y  f i n e  o r  medium sand, t h a t  is v e r y  r i c h  i n  q u a r t z  and low i n  
c lay-forming m a t e r i a l s .  

sand composed of ca lc ium ca rbona te  o r  gypsum. 

E s p e c i a l l y  in d e s e r t s  and s e m i d e s e r t s ,  t h e  sand dunes may 
* c o n t a i n  l a r g e  amounts of  ca lc ium ca rbona te .  Some dunes  c o n s i s t  a lmost  v h o l l y  o f  

During pe r iods  of drought  and in d e s e r t s ,  l o c a l  v i n d  movements may mix  and 

Piles of such  m a t e r i a l  have been c a l l e d  " s o i l  dun-" o r  "c lay  dunes.' ' 
p i l e  up s o i l  m a t e r i a l  of d i f f e r e n t  t e x t u r e s  or even m a t e r i a l  t h a t  is  very r i c h  i n  
c l a y .  I t  
1s be t t e r ,  however, t o  use an e x p r e s s i o n  such  a s  ' k i n d - d e p o s i t e d  m a t e r i a l "  f o r  
l o c a l  accumulat ions of  mixed m a t e r i a l  moved by t h e  wind t h a n  t o  i d e n t i f y  them as  
" 1 oe s s " o r  "dunes . " 

Also important  bu t  n o t  g e n e r a l l y  recognized  as  d i s t i n c t i v e  d e p o s i t  is g ,  
vhich is c a r r i e d  f o r  long d i s t a n c e s  and d e p o s i t e d  i n  s m a l l  increments  on a l a r g e  
p a r t  o f  che world. 
accumulated d e p o s i t s  a r e  l a r g e  in some p l a c c s .  An iUmenSe amount of d u s t  has  been 
d i s t r i b u t e d  widely throughout  t h e  ages, and d u s t  is an i m p o r t a n t  f a c t o r  a f f e c t i n g  
s o i l s  in some p l a c e s .  Dust i s  t h e  s o u r c e  of t h e  unexpec ted  f e r t i l i t y  of some old, 
h i g h l y  leached s o i l s  i n  t h e  p a t h  o f  wind t h a t  blows from e x t e n s i v e  d e s e r t s  some 
hundreds of k i lome te r s  d i s t a n t .  I t  e x p l a i n s  unexpec ted  m i c r o n u t r i e n t  d i s t r i b u t i o n  
in some p laces .  

D u s t  can c i r c l e  t h e  e a r t h  1n t h e  uppe r  a tmosphere.  The 

Dust p a r t i c l e s  a r e  mostly c l a y  and very f i n e  s i l t .  

The most l i k e l y  sources of  d u s t  a t  p r e s e n t  a r e  t h e  d r i e r  regions of t h e  
v o r l d .  shere the  s o i l s ~  a r e  g e n e r a l l y  r i c h  i n  bases  and o t h e r  c o n s t i t u e n t s .  
amounts o f  d u s t  nav have been d i s t r i b u t e d  v o r l d v i d e  d u r i n g  and immediately 
f o l l o v i n g  t h e  g l a c l J 1  p e r i o d s .  
potasslum, 3nd o t h e r  eiements from t h e  atmosphere a r e  d e p o s i t e d  on t h e  s o i l  in 
:*Jryinp J ~ O U O L S .  

Large 

Besides d u s t ,  f i x e d  n i t r o g e n ,  s u l f u r ,  sodrum, 
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Hater ia l  moved and depos i ted  by g l a c i a l  processes 

Several  kinds of  m a t e r i a l  were moved and deposi ted by g l a c i a l  p rocesses .  
Glacial  d r i f t  c o n s i s t s  of a l l  of t h e  mater ia l  picked up, mixed, d i s i n t e g r a t e d ,  
t ranspor ted ,  and depos i ted  by g l a c i a l  i c e  o r  by water  from melt ing g l a c i e r s .  
many places  g lJCiJ l  d r i f t  i s  covered by a mantle of loess .  Deep mantles of loess 
a r e  usua l ly  e a s i l y  recognized,  but  very t h i n  mantles may be so a l t e r e d  by 
s o i l - b u i l d i n g  f o r c e s  t h a t  they can scarce ly  be d i f f e r e n t i a t e d  from t h e  underlying 
modified d r i f t .  

In 

Glacia l  - t i l 1 . - - T i l l  i s  t h a t  p a r t  of the  g l a c i a l  d r i f t  deposi ted d i r e c t l y  by 
t h e  i c e  with l i t t l e  o r  no t r a n s p o r t a t i o n  by v a t e r .  
u n s t r a t i f i e d ,  unconsol idated,  heterogeneous mixture of c l a y ,  s i l t ,  sand, g r a v e l ,  
and sometimes boulders .  
washing by water,  and some was overridden by t h e  g l a c i e r  and is compacted and 
unsorted. 
moraines, and l a t e r a l  moraines.  
between the tills of t h e  s e v e r a l  g lac ia t ions .  
another and may be s e p a r a t e d  by o t h e r  depos i t s  o r  o l d  weathered s u r f a c e s .  
depos i t s  of g l a c i a l  t ill  were l a t e r  washed by lJkC8, b u t  without  important  
addi t ions .  The upper p a r t  of such wave-cut till is r i c h  i n  coarse  fragments a s  1 

r e s u l t  of the  wave a c t i o n  i n  g l a c i a l  lakes .  Drumlins a r e  long,  low, cigar-shaped 
h i l l s  of g l a c i a l  till w i t h  a smooth skyl ine;  t h e  long a x i s  l ies  p a r a l l e l  t o  t h e  
d i r e c t i o n  of movement of t h e  i c e .  

I t  i s  g e n e r a l l y  an 

Some s e t t l e d  out  as t h e  ice melted w i t h  very  l i t t l e  

T i l l  may be  found i n  ground moraines, terminal  moraines, medial  
In many p laces  i t  i S  important  to  d i f f e r e n t i a t e  

Comonly; t h e  t i l ls  u n d e r l i e  one 
h a y  

T i l l  v a r i e s  widely in t e x t u r e ,  chemical composition, and t h e  degree of 
weathering fol lowing i t s  depos i t ion .  
Dart  is noncalcareous because no c a l c i t e -  o r  dolomite-bearing rocks c o n t r i b u t e d  t o  

nost till is ca lcareous ,  but  an important 

the  mater ia l  o r  because subsequent leaching and chemical weathering have removed 
t h e .  carbonates.  

- 

Glaciof luvia l  deposi ts . - -These depos i t s  a r e  m a t e r i a l  produced by g l a c i e r s  and 
c a r r i e d ,  s o r t e d ,  and depos i ted  by water t h a t  o r i g i n a t e d  mainly from mel t ing  
g l a c i a l  i c e .  

The most important  kind of g l a c i o f l u v i a l  d e p o s i t  i o  g l a c i a l  outwash. This  
broad term includes a l l  of t h e  m a t e r i a l  swept o u t ,  s o r t e d ,  and deposi ted beyond 
the  g l a c i a l  i c e  f r o n t  by s t reams of melt water. Cormponly, t h i s  outwash is  i n  t h e  
form of p l a i n s ,  v a l l e y  t r a i n s ,  o r  d e l t a s  i n  o l d  g l a c i a l  l akes .  The v a l l e y  t r a i n s  
of outwash may extend f a r  beyond t h e  f a r t h e s t  advance of t h e  ice. 

Espec ia l ly  near  moraines,  poorly sor ted  g l a c i o f l u v i a l  m a t e r i a l  m y  form 
kames, eskers ,  and c r e v a s s e  f i l l s .  

Glac ia l  beach - deposits.--These c o n s i s t  of grave l  and sand and mark t h e  beach 
Depending on t h e  c h a r a c t e r  of t h e  o r i g i n a l  d r i f t ,  l i n e s  of. former g l a c i a i  l a k e s .  

beach d e p o s i t s  may b e  sandy, g r a v e l l y ,  cobbly, o r  stony. 

G l a c i o l a c u s t r i n e  deposits.--These depos i t s  range from f i n e  c l a y  t o  sand. They 
are  derived from g l a c i e r s  bu t  were reworked and l a i d  down i n  g l a c i a l  l akes .  
of them a r e  s t r a t i f i e d  o r  laminated. Al te rna t ing  s t r a t a  exposed i n  a s e c t i o n  of 
g l a c i o l a c u s t r i n e  c l a y ,  each r e l a t e d  t o  one y e a r ' s  depos i t ion  and one s e a s o n ' s  
g l a c i a l  i c e  melt, a r e  c a l l e d  v a w e s .  

Hany 
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Good examples of  a l l  o f  t h e  g l a c i a l  m a t e r i a l s  and forms d e s c r i b e d  i n  t h e  
p r e c e d i n g  paragraphs  can be found.  I n  many p l a c e s ,  however. i t  is n o t  e a s y  t o  
d i s t i n g u i s h  d e f i n i t e l y  among t h e  k i n d s  of d r i f t  on t h e  b a s i s  of  mode of o r i g i n  and 
landform. For example,  p i t t e d  o u t v a s h  p l a i n s  can  s c a r c e l y  be  d i s t i n g u i s h e d  from 
sandy t i l l  i n  t e r m i n a l  mora ines .  D i s t i n g u i s h i n g  between wave-cut t i l l  and 
l a c u s t r i n e  m a t e r i a l  i s  o f t e n  d i f f i c u l t .  The names themselves  C O M O t e  on ly  a 
l i t t l e  about  t h e  a c t u a l  c h a r a c t e r i s t i c s  of  t h e  p a r e n t  m a t e r i a l .  C e r t a i n l y  mode of  
o r i g i n  of t h e  p a r e n t  m a t e r i a l  i s  n o t  a s u f f i c i e n t  b a s i s ,  by i t s e l f ,  f o r  
d i s t i n g u i s h i n g  s o i l s  because  s i m i l a r  p a r e n t  m a t e r i a l s  may have d i f f e r e n t  o r i g i n s .  

. 

M a t e r i a l  moved and d e p o s i t e d  by g r a v i t y  

Colluvium i s  an i n c o h e r e n t  mass of s o i l  material  o r  rock  f ragments  a t  the 
base  o f  s l o p e s .  
s l o p e  under t h e  i n f l u e n c e  o f  g r a v i t y .  An accumula t ion  of rock f r agmen t s  is c a l l e d  - t a l u s .  
rounded,  water-vorn cobb les  and  stones in a l l u v i u m  and g l a c i a l  o u t v r s h .  
"Colluvium" is used g e n e r a l l y  f o r  t h a t  p a r t  of t h e  p o o r l y  s o r t e d  d e b r i s  t h a t  has 
accumulated a t  t h e  b a s e  of slopes, i n  d e p r e s s i o n s ,  o r  a l o n g  t i n y  s t r e a m s  through 
g r a v i t y ,  s o i l  c r e e p ,  and l o c a l  vash. 

I t  is l a r g e l y  mater ia l  t h a t  h a s  r o l l e d ,  s l i d ,  or f a l l e n  down t h e  

The rock f ragments  i o  c o l l u v i w  a re  u s u a l l y  a n g u l a r ,  i n  c o n t r a s t  t o  t h e  

Organic  ! l a t e r i a l  

Organic  m a t e r i a l  accumula t e s  in w e t  p l a c e t  where it is d e p o s i t e d  more r a p i d l y  
T h i s  p e a t  ia turn may become t h a n  i t  decomposes. 

p a r e n t  m a t e r i a l  f o r  s o i l s .  
o r i g i n ,  a r e :  

These d e p o s i t s  are c a l l e d  p e a t .  
The p r i n c i p a l  g e n e r a l  k inds  of  p e a t ,  a c c o r d i n g  t o  

Sedimentarv E: 
a s  a l g a e ,  and t h e  r ema ins  and  f e c a l  m a t e r i a l  of a q u a t i c  a n i m a l s ,  
i n c l u d i n g  coprogenous  ea r th .  

!loss p e a t :  t h e  remains  o f  mosses, i n c l u d i n g  Sphagnum. 

the remains m o s t l y  of  f l o a c i n g  a q u a t i c  p l a n t s ,  such  

Herbaceous peat: 
herbaceous p l a n t s .  

t h e  remains of  s e d g e s ,  r e e d s ,  c a t t a i l s ,  and o t h e r  

L'oodv p e a t :  t h e  r ema ins  of t rees ,  s h r u b s ,  and o t h e r  woody p l a n t s .  

330y d e p o s i t s  of  o r g a n i c  mater ia l  a r e  m i x t u r e s  of t h e s e  k inds  o f  p e r t .  
o r g a n i c  soils formed i n  a l t e r n a t i n g  l a y e r s  o f  d i f f e r e n t  k i n d s  of  p e a t .  
peac I S  mixed w i t h  v a r y i n g  amounts  of  m i n e r a l  m a t e r i a l ,  such  as a l l u v i u m  and 
v o l c a n i c  a r b .  Some o r g a n i c  s o i l s  h a v e  l a y e r s  t h a t  a r e  l a r g e l y  o r  e n t i r e l y  m i n e r a l  
m a t e r i a  1.. 

Some 
In p l a c e s  

I n  d e s c r i b i n g  o r g a n i c  s o i l s ,  t h e  m a t e r i a l  i s  c a l l e d  peat i f  v i r t u a l l y  a l l  of 
t h e  o rgan ic  remains a r e  s u f f i c i e n t l y  f r e s h  and i n t a c t  t o  pe rmi t  identification of  
p l a n t  foms. 
s u f f i c i e n t  decomposi t ion  t h a t  the p l a n t  p a r t s  canno t  be r ecogn ized .  I r  i s  ca l led  
mucky pear  i f  a s i g n i f i c a n t  p a r t  o f  t h e  m a t e r i a l  can  be recognized  and a 
signilic~n: p a r t  cdWOt.  

I t  i s  c a l l e d  muck - i f  v i r t u a l l y  a l l  o f  t h e  m a t e r i a l  h a s  undergone 
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Descript ions of organic  m a t e r i a l  should include t h e  o r i g i n  and t h e  botan ica l  
composition of the m t e r i a l  t o  t h e  e x t e n t  t h a t  these  can be reasonably infer red .  

Contrast ing H a t e r i a l s  

Contrast ing l a y e r s  of  geologic  mater ia l  a f f e c t  s o i l s  and s o i l  p a t t e r n s  i n  
The s t r a t i g r a p h y  of rock i s  cornonly r e f l e c t e d  i n  s o i l  p a t t e r n s  s e v e r a l  vays. 

vhere t h e  var ious  s t r a t a  a r e  exposed at t h e  sur face .  
of t h e  e a s t e r n  United S t a t e s ,  f o r  example, b e l t s  Of Cont ras t ing  s o i l s  a r e  re la fed  
t o  b e l t s  of c o n t r a s t i n g  rocks exposed on t h e  r idges  and i n  t h e  v a l l e y s .  
a r e a s  i n  t h e  nor th-cent ra l  United S t a t e s  have s o i l  p a t t e r n s  t h a t  a r e  r e l a t e d  t o  
t h e  d i s t r i b u t i o n  of l o e s s  and till and t o  zones of weathering i n  them vhere they 
a r e  exposed in v a l l e y s .  A t  a Smaller Scale ,  c o n t r a s t i n g  l a y e r s  w i t h i n  A s o i l  Jre 
r e f l e c t e d  i n  d i f f e r e n c e s  i n  t h e  p r o p e r t i e s  of horizons.  

Contrast ing l a y e r s  of unconsolidated m a t e r i a l  may d i f f e r  in :pore-s ize  

I n  t h e  fo lded  Appalachians 

Some 

d i s t r i b u t i o n ,  p a r t i c l e - s i t e  d i s t r i b u t i o n ,  mineralogy, bulk d e n s i t y ,  c o l o r ,  o r  
o t h e r  p r o p e r t i e s .  
o r  more r e s i s t a n t  heavy minerals ;  used IS an index of the uni formi ty  of some 
d e p o s i t s ,  f requent ly  v a r i e s  e r r a c t i c a l 1 y . w i t h i n  pedons t h a t  appear  how8eneous. 

'Some depos i t s  a r e  c l e a r l y  s t r a t i f i e d ,  such as some lake  sediments  and g l a c i a l  
outvash, and t h e  d i s c o n t i n u i t i e s  may be sharp ly  def ined.  
and l a y e r s  may have developed i n  c o n t r a s t i n g  depos i t s  t h a t  a r e  not coextensive.  

Some of t h e  d i f f e r e n c e s  may n o t  be obvious. The r a t i o  of tu'o 

The master  s o i l  horizons 

The e f f e c t s  of some c o n t r a s t i n g  a m t e r i a l s  can be confused with t h e  e f f c c t w o f  
s o i l  formation, m ~ k i a g  i d e n t i f i c a t i o n  of t h e  m a t e r i a l s  uncer ta in .  
f o r  example, s i l t  content  decreases  r e g u l a r l y  with depth in so i l s  presumed to have 
formed i n  g l a c i a l  till. 
may have been deposi ted on t h e  s u r f a c e  over  t h e  c e n t u r i e s  and mixed by i n s e c t s  and' 
rodents  with the underlying g l a c i a l  t ill .  
r e f l e c t s  water s o r t i n g .  
s o i l s  can b e  explained by f a c t o r s  o t h e r  than s o i l  formation. 

In some a r e a s ,  

In some of  these  s o i l s ,  small  a m o u t s  of e o l i a n  m a t e r i a l  

In  o t h e r s ,  t h e  s i l t  d i s t r i b u t i o n  
Thus, t h e  higher  s i l t  content  i n  t h e  upper p a r t  of t h e s e .  

Inferences about c o n t r a s t i n g  p r o p e r t i e s  i n h e r i t e d  from d i f f e r i n g  l a y e r s  of 
geologic mater ia l  are noted vhen t h e  s o i l  is descr ibed.  
i d e n t i f i a b l e  l a y e r  t h a t  is g e n e t i c a l l y  inf luenced and d i f f e r s  c l e a r l y  In i n h e r i t e d  
p r o p e r t i e s  from adjacent  l a y e r s  is recognized as a rubhori toa.  
marked in so i l  d e s c r i p t i o n s  JS J l i t h o l o 8 i c  d i s c o n t i n u i t y  o r  not depends on t h e  
degree of c o n t r a s t  with over ly ing  and underlying l a y e r s  and t h e  th ickness .  For 
many s o i l s  t h e  p r o p e r t i e s  i n h e r i t e d  fromeven sharp ly  c o n t r a 8 t i n g  l a y e r s  a r c  n o t  
c o n s i s t e n t  from p l a c e  t o  place  and a r e  descr ibed i n  genera l  terms. 
a s o i l  i n  s t r a t i f i e d  lake  sediments,  f o r  example, might be d e s c r i b e d  as follows: 
" c o n s i s t s  of l a y e r s  of s i l t  or c l a y  1 t o  20 cm t h i c k ;  t h e  aggrega te  th ickness  of 
layers  of s i l t  and t h a t  of t h e  l a y e r s  of c l a y  a r e  in a r a t i o  of about  4 t o  1; 
mater ia l  is about 80 percent  s i l t ."  

General ly ,  each 

Whether it is 

The C l a y e r  of 

Erosion 

I n  i ts broad sense* e r o s i o n  means t h e  wearing avay of t h e  e a r t h ' s  s u r f a c e  by 
the forces of i c e ,  v a t e r ,  and vind. The scu lp tur ing  of mountains,  t h e  abras ion  of 
rock sur face  on p l a i n s .  and t h e  o b l i t e r a t i o n  of  a n c i e n t  s o i l s  and veathercd zones 
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by con t inen ta l  g l a c i e r s  are examples o f  e r o s i o n  on a grand s c a l e  by i c e .  The 
Dakota Badlands and t h e  Grand Canyon of  t h e  Colorado River are examples of 
spec tacu la r  e ros ion  by water.  The s h i f t i n g  of sands LO form the dunes of the 
N u b i a n  Desert is e r o s i o n  by wind. Hore s u b t l e  a r e  the  detachment and t r a n s p o r t  of 
p a r t i c l e s  from f i e l d s  or from the bare  s u r f a c e  of a new building s i t e  by wa te r  and 
the  bloving of s o i l s  from fallow f i e l d s  o r  uavegetated playgrounds. 

The i n e v i t a b l e  vea r ing  down of h igh  p l a c e s  and f i l l i n g  of lou p l aces  of t h e  
e a r t h ' s  s u r f a c e  cont inues v i t h  or  v i t h o u t  a s s i s t a n c e  from man. 
e r o s i o n  c h a r a c t e r i s t i c  of the na tu , r a l  environment from the  more rapid e r o s i o n  t h a t  
r e s u l t s  from a c t i v i t i e s  o f  man, t h e  concepts  of "natural"  and *'accelcrated" 
e ros ion  a r e  appl ied.  

To d i s t i n g u i s h  

The two a r e  not e v e q v h e r e  d i s t ingu i shab le .  

N a t u r a l  Erosion 

Natural  e r o s i o n  i s  t h e  d e t a c h e n t  and movement of mater ia l  under c o n d i t i o n s  
unaffected by t h e  a c t i v i t i e s  of man. N a t u r a l  e r o s i o n  may b e  very slow o r  v e r y  
rapid,  and i t  may fluctuate cons ide rab ly  depending oa l o c a l  condi t ions.  
formation of t h e  Channel Scablands i n  t h e  s t a t e  of Washington i s  an example of 
extremely rapid n a t u r a l ,  o r  geo log ic ,  e r o s i o n .  
d i v i d e s  on t h e  Coas t a l  P l a i n  of t h e  s o u t h e a s t e r n  United S t a t e s  are examples of 
a r e a s  v i t h  very slow or no n a t u r a l  erosion. 

The 

The broad, nea r ly  level i n t e r s t r c r c  

Natural  erosion h a s  l e f t  i t s  mark on s o i l s .  I t  hat sculptured landforms 00 
Its ra te  rad d i s t r i b u t i o n  in . t h e  uplaods and b u i l t  landforms on t h e  lowlands. 

time c o n t r o l s  the age of land s u r f a c e s  and many of t h e  i n t e r n a l  p r o p e r t i e s  of 
s o i l s  on t h e  s u r f a c e s .  The r e s u l t s  of n a t u r a l  e r o s i o n  are used t o  i d e n t i f y  so i l s  
and p r e d i c t  s o i l  p r o p e r t i e s .  The marks of p a s t  n a t u r a l  erosion on the landscape 
must be recognized and t h e i r  s i g n i f i c a n c e  ia t h e  l o c a l  environment understood. 
A l l  of t h e  a v a i l a b l e  infoxmation on the geomorphic h i s t o r y  of t h e  a r e a  should be 
used during J s o i l  s u t ~ e y ,  and t h e  a s r i r t a u c e  o f  geomorphologists should be Sought 
in i t s  i n t e r p r e t a t i o n .  

Landscapes and t h e i r  s o i l s  a r e  eva lua ted  from t h e  perspect ive of  t h e i r  
n a t u r a l  e r o s i o n a l  h i s t o r y .  
s u r f a c e  i n  o l d  and young landscrper-- the movement of r o i l  material down slopes and 
t h e  f i l l i n g  of lowland depressions.  
wlnd-blown m a t e r i a l ,  and o t h e r  evidence t h a t  m a t e r i a l  has been moved and 
redeposi ted i s  h e l p f u l  i n  understanding soil genes i s .  
chick weathered zones t h a t  developed under e a r l i e r  c l ima t i c  condi t ions may be 
exposed and a r e  t h e  m a t e r i a l  in which nev s o i l s  form. 
t h e  most r e c e n t l y  g l a c i a t e d  a r e a s ,  t h e  consequences of n a t u r a l ~ c r o s i o n ,  o r  l a c k  of 
i t ,  a r e  less obvious than vhere t h e  s u r f a c e  and t h e  landscape are of e a r l y  
P l e i s t o c e n e  o r  even T e r t i a r y  age. 
g l a c i a t i o n ,  hovever, t he  impact of  p o s t g l a c i a l  u a t u r r l  erosion may b e . s i g n i f i c a d t  

A t t en t ion  is needed t o  t h e  smoothing o f  t h e  l a n d ' &  

Buried s o i l s ,  s tone  l i n e s ,  d e p o s i t s  of 

In t he  process  of e r o s i o n ,  

Oa the young l andscapes  of 

Even on t h e  landscapes of most recent 

. i n  t he  r e d i s t r i b u t i o n  of m a t e r i a l s  on t h e  l o c a l  landscape. 

The r a t e  of e ros ion  can b e  i nc reased  by a c t i v i t i e s  o t h e r  than those  of  man. 
F i r e  t h a t  des t roys  v e g e t a t i o n  and t r i g g e r s  e r o s i o n  has the same e f f e c t  v h e t h e r  set 
by l i g h t n i o g  or by man, whether set  by p r i m i t i v e  people a s  a "natural"  element of 
tbe  e c o l o g i c a l  system or by c i v i l i z e d  man a s  an "unnatural" element. 
s p e c t a c u l a r  episodes of e r o s i o n ,  such JS t h e  s o i l  bloving on t he  Great P l a i n s  of  
t h e  c e n t r a l  United S t a t e s  in t h e  1930's.  have not  a l l  been man-made. Frequent  
d u s t  s toms uere recorded on t h e  Great P l a i n s  long before the region became a 

The 
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grain-producing area.  
"accelerated" erosion on every s o i l ,  nor i s  acce lera t ion  by man e a s i l y  
distinguished from erosion produced by accidents  of nature .  
d i s t i nc t ion  is useful on many s o i l s ,  and i n  p laces  t h e  d i s t i n c t i o n  i s  c lear .  
However, the  d i s t inc t ion  must be made pr imar i ly  by studying and understanding the 
sequence of sediments and surfaces  on t h e  l o c a l  landscape, not  by studying s o i l  
p roper t ies  alone. 

"Natural" erosion is  not  e a s i l y  dis t inguished from 

But'to attempt a 

0 ' 

Accelerated Erosion 

Accelerated erosion and na tura l  erosion a r e  so in t imate ly  i n t e r r e l a t e d  i n  
some cul tura l  landscapes t h a t  d i s t inguish ing  them is d i f f i c u l t .  
i s  an important process t h a t  a f f e c t s  s o i l  formation, and l i k e  man-induced erosion 
may remove a l l  o r  p a r t  of s o i l s  formed i n  t h e  n a t u r a l  landscape. 

Natural erosion 

Kinds of accelerated erosion 

The processes of erosion influenced by man can be divided i n t o  tvo  classes, 
water erosion and wind erosion, 4/ according t o  t h e  moving agent.  
g l ac i a l  i c e  i s  mainly a process of n a t u r i l  erosion. 

semiarid, and deser t  regions. 
water is a l so  J major eroding agent i n  a r i d  regions. 

Erosion by 

Wind erosion is important pr imari ly ,  b u t  no t  exclusively,  i n  subhumid, 
Water e ros ion  is  important i n  humid regions,  bu t  

Water erosion.--Water erosion r e s u l t s  from dis turbance of the s o i l  sur face  by - 
flowing water and the  mater ia l  it ca r r i e s .  
detachment of s o i l  p a r t i c l e s  by the  impact of raindrops.  
suspended i n  runoff water and ca r r i ed  away. 
erosion a r e  commonly recognized: 
by the  r e l a t i v e  depth and s t a b i l i t y  of the channels c u t  by running water. 

A p a r t  of t h e  process i s  the 
The p a r t i c l e s  a r e  'i Three kinds of accelerated water 

shee t ,  r i l l ,  and gul ly .  These a r e  dis t inguished 
\ 

Sheet erosion i s  t h e  more or  less uniform removal of  s o i l  from an area  

tor tuous,  exceedingly numerous, and unstable;  they enlarge  and s t r a igh ten  as the 
volume of runoff increases.  Sheet e ros ion  is less apparent,  p a r t i c u l a r l y  i n  its 
e a r l y  s tages ,  than other  types of eror ion.  
a slope gradient of only 1 o r  2 percent.  
gradient  increases  . 

conspicuous channels where runoff concentrates.  
between sheet  and gul ly  erosion. The channels are shallow enough that they are 
e a s i l y  ob l i t e r a t ed  by t i l l a g e ;  thus,  a f t e r  an eroded f i e l d  has been cu l t i va t ed ,  
determining whether t h e  s o i l  l o s ses  r e su l t ed  from shee t  or r i l l  erosion is 
genera 1 l y  -0s s i b l e  . 

f l o w  as a stream, cu t t i ng  down i n t o  the s o i l  a long t h e  l ine of flow. Gul l ies  
form i n  exposed na tura l  drainagevays, i n  plow furrows, in animal t r a i l s ,  i n  
vehic le  r u t s ,  between rows of crop p l a n t s ,  and below broken man-made t e r r aces .  
cont ras t  t o  r i l ls ,  they cannot be o b l i t e r a t e d  by ordinary t i l l a g e .  
cannot be crossed with cornDon types of farm equipment. 

- 
I 

without the development of conspicuous wrter channels. The channels are t i n y  o r  

It  can be serious on some s o i l s  having 
It is genera l ly  more ser ious  as d o p e  

R i l l  - erosion is  t h e  removal of r o i l  through the c u t t i n g  of many small b u t  
R i l l  e ros ion  is intermediate  

Gully erosion is conspicuous. Gul l ies  form where water concentrates and 

In 
Deep g u l l i e s  
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Gull ies  and gu l ly  pa t t e rns  vary widely i n  d i f f e r e n t  kinds of s o i l  and on 
d i f f e ren t  landforms. 
places,  g u l l i e s  a r e  c lose ly  spaced leaving l i t t l e  o r  no unaffected surface between 
them. 
throughout t h e i r  courses a r e  most common. 
o r  increasingly r e s i s t a n t  t o  erosion with depth. 
form i n  mater ia l  t h a t  i s  equally r e s i s t a n t  o r  decreases i n  res i s tance  t o  erosion 
with depth, a s  where the  water cu ts  through coherent upper mater ia l  i n t o  a loose,  
incoherent substratum. As t he  substratum i s  washed away, t he  overlying mater ia l  
loses  i t s  support and f a l l s  i n t o  the  gul ly  t o  be washed away. 
gu l l i e s  become modified toward a V shape once the  channel s t a b i l i z e s  and the banks 
s t a r t  t o  spa11 and slump. 

’The maximum depth t o  which g u l l i e s  cu t  i s  governed by r e s i s t a n t  layers  i n  the  

Many g u l l i e s  develop headward; t h a t  i s ,  they extend up the  s lope a s  t h e  

In some places ,  a s ing le  gul ly  forms i n  a f i e l d ;  i n  o ther  

V-shaped g u l l i e s  (Figure 4-2) cu t t ing  i n t o  the  s o i l  more o r  less uniformly 
These form i n  mater ia l  t h a t  i s  equal ly  

U-shaped gu l l i e s  (Figure 4-3) 

Host U-shaped 

s o i l ,  by bedrock, o r  by the  loca l  base l e v e l  of the  lowland i n t o  which the  water 
runs. 
gul ly  deepens i n  the lower p a r t .  
Others form branches where depressions of the  surface i n t e r s e c t  t he  main gul ly .  
If gullying i s  not control led,  the lower p a r t  of t he  landform may be reduced t o  a 
smooth eroded area a t  a new level separated from an ungullied upper p a r t  by J 
s t r i p  of gu l l ied  s o i l .  
the  s o i l  map and a r e  shown by spec ia l  symbols. Other gu l l ied  areas are la rge  
enough t o  be mapped. 
t h a t  w i l l  support p l an t s  remains. 

of running water i s  reduced--at the  mouth of g u l l i e s ,  Jt the  base of slopes,  along 
stream banks, on a l l u v i a l  p l a ins ,  i n  reservoi rs ,  and a t  the  mouth of streams. 
Rapidly moving water, when slowed, drops s tones,  then cobbles, pebbles, sand, and 
f i n a l l y  s i l t  and clay.  
fragments o r  sand on productive lower-lying s o i l s  a r e  harmful. 
ea r th  may be benef ic ia l .  
f e r t i l i t y  of t h e  s o i l s  on which they a r e  deposited; some clayey depos i t s  and some 
sandy deposi ts  c r e a t e  poor physical  s o i l  conditions.  The character  of such 
deposits i s  noted i n  examining the s o i l s ,  and mapping units a r e  designed t o  
accomodate them i n  ahe mapping legend i f  t he  area is  s igni f icant .  

Some extend headward as a s ing le  channel. 

Hany g u l l i e s  a r e  too small t o  be del ineated as areas  on 

The areas  a r e  c l a s s i f i e d  a s  s o i l  i f  unconsolidated mater ia l  

Deposition of sediment car r ied  by water i s  l i k e l y  anywhere tbt the ve loc i ty  

Fine clay settles out of s t i l l  water. Deposits of rock 
Deposits of f i n e  

Some deposi ts  of f i n e  e a r t h  help t o  maintain the 

Water erosion i s  a t  a maximum i n  areas tha t  receive about 300 rm annual 
r a i n f a l l  and decreases with either increasing o r  decreasing annual r a i n f a l l .  
Vegetation general ly  does not  form a continuous cover i n  such drg a reas ,  and some 
ra ins  a re  very intense.  
take place during a s ing le  storm, bu t  storms are infrequent  and t o t a l  erosion is 
low. The e f f e c t s  of a i r  kind.of  t t o m  can be g rea t ly  increased by land use t h a t  
reduces the  amount of vegetat ion,  e spec ia l ly  i n  a reas  of higher ra infal l .  

Intensive water erosion and deposi t ion of sediment can 

-e 

Wind - erosion.--Wind i s  not  general ly  Jn imporkn t  cauae of erosion in humid 
areas  except on unprotected randy s o i l s  and on t r a c t s  of drained and cu l t i va t ed  
organic s o i l s .  
espec ia l ly  during per iods of drought. 
general ly  not  r e l a t ed  t o  slope gradient.  
by removing o r  reducing the  vegetation. 

In regions of low r a i n f a l l ,  wind erosion can be widespread,, 
Unlike water erosion, wind crorion is 

The hazard of wind erosion i s  increased 

When winds a r e  s t rong ,  t he  f i n e r  p a r t i c l e s  are swept i n t o  t h e  a i r  and MY be 
car r ied  f o r  g rea t  dis tances .  
Coarser p a r t i c l e s  a r e  ro l l ed  o r  swept along on o r  near the  s o i l  surface,  kicking 

Some circle  the  globe a t  very high e leva t ions .  

a 
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f i n e r  p a r t i c l e s  i n t o  the  a i r , .  and a r e  deposited i n  places  shel tered from t h e  wind. 
When wind erosion i s  severe the  sand p a r t i c l e s  may d r i f t  back and f o r t h  l o c a l l y  

’ 

with changes.in wind d i r ec t ion  while t he  s i l t  and clay a r e  car r ied  away. 
Blowouts, spots from which the sur face  layer  has blown away, may be associated 
with spots  of deposit ion i n  such an i n t r i c a t e  pa t t e rn  t h a t  the two cannot be  
i den t i f i ed  separa te ly  on s o i l  maps. 

. .  

Eroded condition of s o i l s  

The degree t o  which accelerated erosion has modified the  s o i l  i s  estimated 
during s o i l  examinations. 
the  remaining s o i l  i f  it d i f f e r s  s i g n i f i c a n t l y  i n  use,  s u i t a b i l i t y ,  o r  management 
requirements from the  uaeroded s o i l .  
un i t  and in t e rp re t a t ions  f o r  ampped areas  must focus on the  proper t ies  of the  s o i l  
t h a t  remains; p roper t ies  of t he  mater ia l  t h a t  has been l o s t  can only be in fe r r ed  
and a r e  not used t o  def ine  o r  c l a s s i f y  so i l s . .  

Happing u n i t s  a r e  designed t o  record the  condition of 

The d e f i n i t i o n  of t h e  s o i l  i n  the  mapping 

Estimating the degree of erosion.--To estimate the  degree of acce lera ted  
erosion of a spec i f i c  s o i l ,  t he  p rope r t i e s  of the  uneroded s o i l  i n  a s i te  and 
s t a t e  of use comparable t o  those of the eroded s o i l  are determined f i r s t ,  i f  
possible.  
t he  two sets of proper t ies ,  t h e  degree t o  which erosion has modified t h e  s o i l  can 
be estimated. Pa r t s  of horizons o r  entire horizons 8nd t h e  thickness  of sur face  
layers  t h a t  have been l o s t ,  the va r i a t ions  within mappable a reas ,  and s imi l a r  
fea tures  can be estimated by comparing proper t ies .  

Then the  proper t ies  of t he  eroded s o i l  are determined. By comparing 

In t he  na tura l  environment, t h e  individual  horizons and the solum of each ’ 

s o i l  have cha rac t e r i s t i c  ranges i n  thickness  and o ther  proper t ies .  These 
proper t ies  a r e  determined as accura te ly  a s  possible  as standards f o r  comparison. 
If these standards are t o  be usefu l  and r e l i a b l e  guides t o  erosion losses, severa l  
precautions must be taken. 

F i r s t ,  cu l t i va t ion  causes d i f fe rences  i n  the  thickness  of horizons of many 
The upper p a r t s  of many fores ted  s o i l s  s o i l s  where no erosion has taken place.  

contain roots  i n  as much as onc-half of t h e  s o i l  volume. Men these decay, t he  
s o i l  settles. 
and bulk densi ty  may be increased by t i l l a g e .  The depth t o  reference l aye r s  is  
measured from the top of the  mineral  s o i l  i n  s e t t i n g  standards because organic  
horizons a t  the sur face  of mineral soils are  destroyed by cu l t iva t ion .  
s tones can a l so  lower t h e  surface.  
plowed layer  has se t t l ed .  

The upper horizons of some undisturbed r o i l s  have low bulk dens i ty ,  

Removal of 
Depths in plowed s o i l s  a r e  measured a f t e r  t h e  

The thickness of a plowed l aye r  of a s p e c i f i c  soil cannot be used as a 
standard f o r  e i t h e r  losses o r  addi t ions  of mater ia l ,  because as 8 s o i l  erodes t h e  
plow cuts  progressively deeper. 
horizon be used a s  a standard f o r  a l l  cu l t iva ted  s o i l s  unless t he  A horizon is  
much th icker  than the  plow layer .  I f  the horizon i m e d i a t e l y  below t h e  plowed 
l aye r  of an uneroded s o i l  is d i s t i n c t l y  higher i n  c lay  than the  A horizon, t h e  
plow layer  becomes progressively more clayey under continued cu l t i va t ion  as 
erosion progresses;  the  t ex tu re  of t h e  plow l aye r  is 8 c r i t e r i o n  of erosion.  

Nor can t h e  thickness of the  uncul t ivated A 

Comparisons a l so  must be made on comparable slopes.  Near the  upper l i m i t  of  
t he  range of slope gradient  f o r  a s o i l ,  horizons may normally be th inner  than near  
t h e  lower l i m i t  of the  range f o r  t he  same s o i l .  Thus, t he  standards f o r  horizon 
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thickness within t h e  range o f . t h e  s o i l  may d i f f e r  accarding t o  s lope.  . Naming t h a t  
p a r t  of a s o i l  having slopes of 20 percent a s  an eroded phase i s  an e r r o r  i f  the  
observed d i f fe rence  i n  thickness between s t rongly s loping and gent ly  s loping si tes 
is  c h a r a c t e r i s t i c  f o r  the  s o i l .  

Roadsides, cemeteries,  fence rows, and s imi la r  small ,  uncul t ivated areas  a re  

In na tu ra l ly  treeless areas ,  
not su i t ab le  f o r  s e t t i n g  standards.  I f  they a r e  so used, t he  standards f o r  
surface- layer  thickness  a r e  generally set too high. 
o r  i n  a reas  c leared of t r e e s ,  dust  co l l ec t s  i n  fence rows, along roadsides,  and on 
other  small uncul t ivated areas  t h a t  are covered with grass  o r  o ther  s t a b i l i z i n g  
plants .  
centimeters. 

In a ' s h o r t  time the  surface horizon may become thickened by severa l  

a 

For s o i l s  having c l e a r l y  defined horizons, d i f fe rences  due t o  erosion can be 
accurately determined by r-eference t o  the  undisturbed o r  uncul t ivated norm. 
d i s t i n c t i v e  horizons and t h e i r  depths o r  thicknesses a r e  r e l i a b l e  guides within 
the  l i m i t s  of t h e i r  va r i a t ion  from place t o  place.  
A horizon and l i t t l e  o r  no other  horizon expression are more d i f f i c u l t  t o  set and 
harder t o  follow in t he  f i e l d .  After the t h i n  surface l a y e r  is gone o r  has been 
mixed with underlying horizons, l i t t l e  remains t o  furn ish  a clue f o r  es t imat ing 
the degree of erosion.  
layer ,  the  appearance and amount of rock fragments on t h e  sur face ,  the number and 
shape of g u l l i e s ,  and s imi l a r  evidence a r e ' r e l i e d  on. 

The 

Guides f o r  s o i l s  'having a t h i n  

The physical  condition of the mater ia l  i n  t h e  plowed 

For many soils having almost no horizon expression, attempting t o  estimate 
the degree of erosion serves l i t t l e  usefu l  purpose. 
unre l iab le  f o r  evaluat ing the e f f e c t s  of pas t  use rnd mana~ement, 8nd predic t ions  
of fu tu re  s o i l  behavior a re  determined by the  p rope r t i e s  of the  s o i l  t h a t  remains 
regardless  of p a s t  erosion. 

Estimates on such s o i l s  a r e  

Estimates of erosion losses  should not be confused with s u s c e p t i b i l i t y  t o  
erosion. 
erosion,  but  t h i s  i s  a d i f f e ren t  matter. 

Kinds of s o i l  may be grouped according t o  t h e i r  s u s c e p t i b i l i t y  t o  . 

The amount of s o i l  l o s t  a t  a par t i cu la r  point  within on area i s  r a r e l y  a 
useful  measure of t he  s ign i f icance  of t he  loss t o  use and management. 
of s o i l  erosion i n  a reas  of mappable s i t e  is normally complex. 
nearly a s  important a s  t h e  amount of soil l o s t .  
po in ts ,  and the  a rea  a s  a whole is described and mapped. 

The pa t t e rn  
The p a t t e r n  is 

All MP units a r e  a reas ,  not  

Classes of water and wind erosion based on estimated s o i l  l o s ses  a r e  useful  
fo r  some purposes, such as evaluat ing the  amount of degradation on the  s o i l  
resource t h a t  has occurred o r  character iz ing s o i l  a reas  i n  terms of  effects of 
erosion on s o i l  morphology. 
water o r  wind. 

F ie ld  notes record whether erosion was caused by 

Classes - of erosion & water.--Definitions of c l a s ses  of eros ion  by water are 

Class 1: This c l a s s  cons is t s  of s o i l s  t h a t  have l o s t  some of t h e  o r i g i n a l  A 

as  follows: 

horizon but on t he  average less than 25 percent of t h e  o r i g i n a l  A horizon o r  of 
the  uppermost 20 CPI i f  the  o r ig ina l  A horizon was less than  20 cm thick.  
Throughout most of the  area the  thicknesr of the  surface l aye r  i s  within the  
normal range of v a r i a b i l i t y  of the uneroded s o i l .  
l e s s  than 20 percent  of the  area may be modified appreciably.  

Sca t te red  spots  amounting t o  
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Evidence f o r  c l a s s  1 erosion includes (1) a few ri l ls ,  (2) accumulation of 
sediment a t  t he  base of s lopes o r  i n  depressions,  (3) sca t te red  spo t s  where the  
plow layer contains  mater ia l  from below the  o r ig ina l  plow layer , .  and (4) evidence 
of formation of widely spaced deep r i l l s  o r  shallow g u l l i e s  without cons is ten t ly  
measurable reduction i n  thickness  o r  o ther  change i n  proper t ies  between the r i l ls  
o r  gu l l i e s .  

Class 2: This c l a s s  cons i s t s  of s o i l s  that have l o s t  on the average 25 t o  75 
percent of t he  o r i g i n a l  A horizon o r  of the  uppermost 20 an i f  the  o r i g i n a l  A 
horizon was less than 20 cm th ick .  Throughout most cu l t i va t ed  a reas  of c l a s s  2 
erosion the surface l a y e r  cons i s t s  of a mixture of the o r i g i n a l  A horizon and 
mater ia l  from below. Some areas  may have i n t r i c a t e  p a t t e r n s  ranging from uneroded 
spots  t o  spots  where a l l  of t he  o r i g i n a l  A horizon has been removed. 
o r ig ina l  A horizon was very th i ck ,  l i t t l e  or no mixing of underlying mater ia l  with 
the  o r ig ina l  A horizon may have taken place.  

-. . .a 

Where the  

Class 3: This c l a s s  cons i s t s  of s o i l s  that have l o s t  on t h e  average 75 
percent o r  more of the  o r i g i n a l  A horizon or  of the uppermost 20 cm i f  t h e  
or ig ina l  A horizon was less than 20 cm thick.  
mater ia l  below the  o r i g i n a l  A horizon is  exposed a t  t h e  rur face  i n  cu l t i va t ed  
areas .  The plow l aye r  cons i s t s  e n t i r e l y  o r  l a rge ly  of mater ia l  t h a t  was below the 
o r ig ina l  A horizon. Even where the  o r ig ina l  A horizon was very t h i ck ,  a t  least 
some mixing of underlying mater ia l  with the or ig ina l  A horizon has genera l ly  taken 
place. 

In most areas of c l a s s  3 erosion,  

. 

Class 4: This c l a s s  cons i s t s  of s o i l s  t h a t  have l o r t  a l l  of the A horizon o r  
the  uppermost 20 cm i f  t h e  o r i g i n a l  A horizon was less than 20 cm t h i c k  p lus  some 
or  a l l  of the  deeper horizons throughout most of t he  area.  The or igirral  s o i l  can 
be iden t i f i ed  only i n  spots .  Some areas  may be smooth, bu t  most have an i n t r i c a t e  
pa t te rn  of gu l l i e s .  

Classes of erosion & wind.--Definitions of c l a s ses  of erosion by wind a r e  as - - 
follows: 

0 
C l a s s  1: This c l a s s  cons is t8  of s o i l s  t h a t  have l o s t  some of the o r i g i n a l  A 

horizon but  on the  average less than 25 percent of the  o r i g i n a l  A horizon o r  of 
the uppermost 20 cm i f  the o r i g i n a l  A horizon was less than 20 cm t h i ck .  
Throughout most of the area  the  thicknesr  of the sur face  l aye r  i a  within t h e  
normal range of v a r i a b i l i t y  of t h e  uneroded s o i l .  
l e s s  than 20 percent  of t h e  area, may be modified appreciably.  

texture  than i n  the  uneroded areas  nearby, (2) low mounds of aand and perhaps 
coarser p a r t i c l e s ,  and (3) low deprersions,  o r  rwale8, from which s o i l  mater ia l  
has been blown. 

Sca t te red  spots ,  amounting t o  

Evidence f o r  c l a s s  1 wind erosion includes (1) a sur face  l aye r  coarser  i n  

Class 2: This class cons i s t s  of 8 0 f h  t h a t  have l o s t  on t h e  average 2s t o  75 
percent of the  o r i g i n a l  A horizon o r  of the  uppermost 20 cm i f  the o r i g i n a l  A 
horizon was less than 20 cm thick.  
wind erosion t h e  sur face  l a y e r  cons i s t s  of a mixture of the o r i g i n a l  A horizon and 
material  from below. Host c l a s s  2 areas  cons is t  of an i n t r i c a t e  p a t t e r n  of eroded 
and uneroded spots  and some spots  of deporit ion.  

Throughout most cu l t i va t ed  a reas  of c l a s s  2 

C l a s s  3: This c l a s s  cons i s t s  of s o i l s  t h a t  have l o s t  on t he  average 75 
percent or  more of the o r i g i n a l  A horizon o r  of the  uppennost 20 cm i f  . the  - 
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or ig ina l  A horizon was less than 20 cm thick.  
erosion,  horizons o r i g i n a l l y  below the surface layer  a r e  exposed a t  the surface; 
i n  places  enough of t h e  o r i g i n a l  surface layer  remains t h a t  it can be iden t i f i ed .  
The removal of mater ia l  i s  general ly  not uniform. 
included. 

In most areas  of c l a s s  3 wind 

A few blow-out areas  may be 

Class 4: This c l a s s  cons is t s  of  s o i l s  t h a t  have l o s t  a l l  the  A horizon or  
the  uppermost 20 cm i f  t he  o r ig ina l  A horizon was less than 20 cm th i ck  plus  some 
o r  all of the  deeper horizons throughout most of t he  area.  The o r i g i n a l  s o i l  can 
be i d e n t i f i e d  only i n  spots .  
out  a r e  common. 

Depressions where a l l  of the mater ia l  has been blown 
Areas between blowouts may be buried by s o i l ' f r o m  the  blowouts. 

Erosion hazard 

Erosion hazard,  o r  t he  suscep t ib i l i t y  of a s o i l  t o  erosion,  is the  po ten t i a l  
inherent  i n  t h e  s o i l  i t s e l f  t o  erode i f  the forces  t h a t  cause e ros ion  a r e  applied 
t o  an area t h a t  i s  not  adequately protected.  
p a s t  erosion;  it descr ibes  the  p o s s i b i l i t y  of fu tu re  erosion. P r inc ipa l  i n t e r n a l  
s o i l  fea tures  a f f e c t i n g  hazard of erosion by water a r e  tex ture  ( p a r t i c u l a r l y  the  
proportion of s i l t  and very f i n e  sand), organic matter content ,  s t r u c t u r e ,  and 
hydraulic conduct ivi ty .  The main s o i l  fea tures  a f f ec t ing  hazard of erosion by 
wind a r e  t ex tu re ,  organic matter content, and s t ruc ture .  

Erosion hazard does not  descr ibe 

During the  course of a s o i l  survey the  d i f f e r e n t  kinds of s o i l  a r e  evaluated 
Division i n t o  s lope phases i s  based i n  l a rge  p a r t  i n  terms of t h e i r  e r o d i b i l i t y .  

on s u s c e p t i b i l i t y  of s p e c i f i c  s o i l s  t o  erosion by va te r .  
the  e r o d i b i l i t y  of d i f f e r e n t  s o i l s  a r e  made while t h e  mapping legend is  being 
prepared. 

phases than those t h a t  a r e  not.  
ref  ined . 

Tentat ive est imates  of 

The est imates  serve as useful guides f o r  def ining map un i t s .  S o i l s  
t h a t  a r e  extremely e rodib le  by water generally requi re  more narrowly defined slope 

LI 

As the  s o i l  survey progresses the  est imates  a r e  

A l l  ava i lab le  information about erosion of the  s o i l s  i n  the  a rea ,  about 
erosion of s imi l a r  s o i l s  i n  other  areas ,  and about t he  re la t ionships  between the  
proper t ies  of t h e  s o i l s  and t h e i r  s u s c e p t i b i l i t y  t o  erosion must be assembled. 
For most a reas  i n  t h e  United S ta t e s ,  information of these kinds is avai lab le .  
Empirical s o i l - l o s s  equations f o r  which numerical values  have been aosigntd t o  
each of t he  p r inc ipa l  f a c t o r s  t h a t  a f f e c t  erosion arc a v a i h b l e  and are v ide ly  
used t o  p red ic t  erosion from spec i f i c  areas .  
t he  p r inc ipa l  f a c t o r s  a r e  r a i n f a l l  and runoff,  s o i l  e r o d i b i l i t y ,  s o i l  length,  
s lope s teepness ,  cover and management, and support p rac t ices .  

s u s c e p t i b i l i t y  t o  e ros ion  and placed i n t o  a small number of groups t h a t  d i f f e r  
s i g n i f i c a n t l y  i n  s u s c e p t i b i l i t y .  
the  information ava i l ab le  and the  d e t a i l  t h a t  is s ign i f i can t .  
i n  terms of estimated annual s o i l  l o s s  i n  metric tons per  hectare .  
c l a s ses  are:  

For the urriversal s o i l  l o s s  equation, 

Usually the  s o i l s  of a survey area can be ranked according t o  t h e i r  r e l a t i v e  

Three o r  f i v e  c l a s ses  can be used, depending on 
The def in i t i ons  are 

The five 
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The terms "very shallow," "shallow," etc. as used i n  converration and i n  
wri t ing about s o i l  depth do not  necessar i ly  ca r ry  these  de f in i t i ons .  
and lower l i m i t :  given are guidelines.  
ranges i n  depth t h a t  d i f f e r  somewhat from the  limits shown, but  unless d i f f e r e n t  
ranges a r e  spec i f ied  these  approximate depths a r e  understood. 

The upper 
Any of the terns m y  be used . to  name 

Soil-Water Relations 

Soil-water r e l a t i o n s  a r e  important i n  eva lur t ing  p l a n t  response and 
engineering behavior and i n  understanding s o i l  development. 
p rec ip i ta t ion ,  p l an t  root ing habi t s ,  temperature gr8dien t r ,  8nd evaporation 8nd 
t ranspi ra t ion ,  t he  s o i l  water conditions a r e  constant ly  changing. 
s ign i f i can t ly  i n  a few hours o r  days o r  only over 8 season o r  8 year  o r  longer. 
They may change so slowly t h a t  they appear t o  be constant.  

Because of 

They MY change 

(43O-V-SSH, Hay 1981) 
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I f  three' c lasses  a r e  used, they are 1. none t o  s l i g h t  (less than 2.5 t / h a ) ,  
moderate (2.5 t o  10 t / ha ) ,  and 3. severe to very severe (more than 10 t / ha ) .  2.  

Estimates of erosion hazard a r e  meaningful only i f  the  condition.!of t he  surface 
and of the p lan t  cover a r e  given (as "bare surface," "badly overgrazed") o r  the  
s e t s  of management prac t ices  a r e  c l e a r l y  defined. 

Depth t o  Res t r ic t ing  and Contrasting Layers 

Depth t o  r e s t r i c t i n g  o r  cont ras t ing  layers  is important t o  water- 8nd 
nutrient-supplying capacity,  downward movement of water, root  pene t ra t ion ,  and the 
l i ke .  
behaves when used f o r  various purposes and on how it responds t o  management. 
range of depth i s  defined f o r  each soil. 
depending on the  o ther  s o i l  cha rac t e r i s t i c s .  

Depth t o  and kind of mater ia l  can have an important e f f e c t  on how a s o i l  
n e  

The limits tha t  a r e  s i g n i f i c a n t  d i f f e r  

In descr ipt ions of depth, the  nature  of t he  r e s t r i c t i n g  o r  cont ras t ing  l aye r  
is  specif ied.  
understood t o  be consolidated bedrock. 

I f  t h e  nature  of t h e  contrast ing layer  i s  not  given, it is 

Depth t o  a r e s t r i c t i n g  o r  cont ras t ing  l aye r  is measured from the s o i l  
surface.  For s o i l s  with an 0 horizon t h a t  ha8 never been sa tura ted  f o r  prolonged 
periods,  the  s o i l  surface i s  the top  of the p a r t  of the 0 horizon tha t  b s  
decomposed so much t h a t  most of t h e  o r ig ina l  mater ia l  cannot be recognized with 
the  naked eye. I f  the uppermost horizon is  an 0 horizon t h a t  is o r  has been 
saturated f o r  prolonged periods,  t he  s o i l  surface is  the top of that horizon. 
Otherwise, t h e  s o i l  sur face  is  t h e  top  of t h e  mineral  soil. 

So t h a t  t he  terms used t o  ind ica t e  depth w i l l  have approximately t h e  same 
meaning everywhere, the  following c l a s ses  a r e  suggested: 



Soil-Water S ta t e s  

Soil-water s t a t e  describes the  moisture condition of a l ayer  of s o i l .  Three 
soi l -water  states--dry,  moist, and =--can be estimated i n  the f i e l d .  

When a s o i l  i s  described, t he  soi l -water  s t a t e s  throughout the soil a re  
recorded in order t o  r e l a t e  them t o  s o i l  p roper t ies .  
s t a t e s  should be  obsewcd f o r  each s o i l  pe r iod ica l ly  to  determine the annual 
pa t te rn .  
t ravers ing  the  landscape; hence the  moisture p a t t e r n  is usual ly  estimated by . 

r e l a t i n g  it t o  ava i lab le  c l ima t i c ' da t a  and landscape pos i t ion .  

Idea l ly ,  t he  soil-water 

However, a s o i l  s c i e n t i s t  general ly  makes observations only when 

S o i l  is dry when the  water is held a t  a tens ion  of 1,500 Wa (IS bars )  ?/ or  
Host mesophytic p lan ts  cannot e x t r a c t  enough water a t  these high tensions 

The term "air-dry" means t h a t  the s o i l  i s  i n  equilibrium with the 
The amount of water i n  the  s o i l  when a i r  dry va r i e s  with the  humidity of the 
When s o i l  is air-dry,  the  water i s  held a t  tension much grea te r  than 1,500 

more. 
t o  s t ay  a l ive .  
a i r .  
a i r .  
H a .  

S o i l  i s  moist when the  water is  held a t  a tens ion  between 1 kPa and 1,500 
Wa. The use of 1 kPa tension t o  separa te  the  moist and wet s t a t e s  is a r b i t r a r y ,  
bu t  a t  tensions less than 1 kPa a l l  or almost a l l  of t h e  t o t a l  pore space i n  most 
s o i l s  is completely f i l l e d  with water. 
change i n  water content within the moist state. 
useful  t o  divide the  moist c l a s s  i n t o  s l i gh t lp .  moist and verp moist using 33 kPa 
as t he  d iv is ion  point .  
water content has been measured a t  33 198 on a grea t  number of s o i l s .  

S o i l  p roper t ies  change appreciably with 
For some purposes it may be 

Tension of 33 kPa approximates " f i e ld  rapaci ty ,"  and 

S o i l  i s  wet when it contains water, including free water, a t  a tension of 
1 H a  o r  less-Free water i s  a t  a t ens ion  of 0 LPa o r  less. Depth t o  f r e e  water 

-.is defined a s  the  depth t o  water s tanding i n  a f r e sh ly  dug uncased borehole a f t e r  
'adequate time has elapsed (about 1 day) f o r  the water l e v e l  t o  ad jus t  t o  t he  
'surrounding s o i l .  a/ 
sinking two o r  more boreholes cased t o  d i f f e r e n t  depths. 
t o  and thickness of zones of free water are estimated during sapping, and 
boreholes are general ly  not  used. 

The lower boundary of a zone of f r e e  water is establ ished by 
I n  prac t ice ,  the  depth 

Zones of f r e e  water range g rea t ly  i a  thickness and cont inui ty .  Free water 
may be r e s t r i c t e d  t o  a s ing le  t h i n  zone near  the surface. 
f ragipan,  f r e e  water is of ten  above the f rag ipan  but n o t  inmediately below it. 
Two o r  more l ayers  containing f r e e  water u y  be separated by a zone without f r e e  
water,  as i n  s o i l s  t h a t  foxmed i n  s t r a t i f i e d  alluvium tha t  i s  mostly clayey but 
contains  loamy and sandy bands. In many s o i l s ,  f r e e  water i s  continuous from i t s  
h ighes t  l e v e l  t o  below the  depth normally observed during a s o i l  survey. 

Several kinds of f i e l d  c lues  can be used t o  determine soil-water state. In 
w e t  s o i l ,  water films on rand gra ins  and peds are v i s i b l e  without magnification. 
Excavation through a v e t  l aye r  causes water t o  flow down t h e  exposed face,  though 
flow may be very slow and confined t o  l a r g e  pores and cracks. Free water may not 
be evident  vhere there are no l a rge  pores that  hold water a t  very low tension and 
t h e  hydraul ic  head on the free water is slight. tlrny l aye r s  of high bulk dens i ty  
contain very l i t t l e  pore space t h a t  d ra in  under 1 kPa suc t ion  and therefore ,  
although w e t ,  do not  contain evident free water. 

In s o i l s  having a 
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Host s o i l s  become percept ibly darker on being moistened within t h e  range of 
s l i g h t l y  moist. 
less and is negl ig ib le  i n  some s o i l s .  
progressively lower moisture content a s  the  proportion of s i l t  increases  r e l a t i v e  
t o  sand and a s  the  proportion of clay increases .  
those high i n  2:l  l a t t i c e  c lays ,  can be formed i n t o  b a l l s  when they a r e  s l i g h t l y  
moist. I f ,  a f t e r  the  s t ruc tu re  of clayey s o i l  i s  thoroughly destroyed, a thread 
3 mm i n  diameter can be formed by ro l l i ng  the  s o i l  between t h e  palms and t h e  
thread does not crumble when handled, then the  s o i l  is mist o r  w e t .  

The change of color  within the  range of very moist i s  usua l ly  
A b a l l  of moist s o i l  can be formed a t  

Hany clayey s o i l s ,  e spec ia l ly  

Soil-water s t a t e  is  not evaluated i n  s o i l  mater ia l  t h a t  i s  frozen. 

Annual p a t t e r n  of soil-water s t a t e s  

moisture conditions i n  the  s o i l .  
pa t t e rn  of soil-water s t a t e s  f o r  a hypothetical  s o i l  is shown i n  t a b l e  4-2. 
approach can be elaborated by dividing the  moist s t a t e  i n t o  s l i g h t l y  moist and 
very moist and by ind ica t ing  the  presence of free water. 

The annual p a t t e r n  of soil-water s t a t e s  provides 8 continuous record of t he  
Water s t a t e  i s . r epor t ed  by layers .  An annual 

This 

S o i l  Wetness 

Knowledge of the  times and depths a t  which a r o i l  is wet is  important in 
using the  s o i l  and i n  studying the s o i l .  
b io logica l  and chemical processes. 

Free water exerts 8 s t rong  inf luence on 

S o i l  wetness i s  influenced by climate,  s lope,  and landscape pos i t i on  a s  well 
as by c h a r a c t e r i s t i c s  of t he  s o i l .  
en te r ing  t h e  s o i l ,  and r a t e  of water movement through t h e  s o i l  a f f e c t  the degree 
and durat ion of wetness. Different  areas  of the same r o i l  may d i f f e r  i n  wetness . 

because of landscape posi t ion.  A s o i l  i n  a higher pos i t i on  may be deeper t o  the 
water t a b l e  o r  have a shor t e r  duration of wetness than the same s o i l  downslope. 

P rec ip i t a t ion ,  runoff ,  amount of moisture 

Although the depth t o  f r e e  water changes g rea t ly  during a year  urd between 
years ,  most s o i l s  have typical tines and depths of sa tura t ion .  
survey, t he  depth t o  freewater is recorded systematic8l ly  a t  s e l ec t ed  sites vi th  
piezometers and o ther  devices. 
seasonal f l uc tua t ions  of zones of wetness and over a period of s eve ra l  years  t o  
determine year-to-year var ia t ions .  Ins t ruc t ions  f o r  conducting wetness s t u d i e s  
a r e  given i n  Chapter 8. 

During a s o i l  

Data must be obtained through the year t o  show 

S o i l  morphology (mainly the  color  pa t t e rn )  is used t o  infer moisture 
condi t ions i n  a s o i l .  
r e l a t ed  t o  the quant i ty ,  nature,  and pa t t e rn  of mott les  and t o  r o i l  s t ruc tu re .  
Correlat ions between s o i l  color  and wetness are supported by obserrratioru of s o i l  
wetness and i ts  f luc tua t ions ;  data  from test  holes;  evaluat ion of amount, 
d i s t r ibu t ion , '  and i n t e n s i t y  of r a i n f a l l ,  runoff,  and evaporation; and pos i t i on  on 
the  landscape. 
a reas  t o  determine s o i l  wetness. 
f o r  t he  proper wetness character izat ion of a s o i l ,  morphological f ea tu re s  can be 
used i n  ident i fy ing  s o i l s  with s imi la r  wetness cha rac t e r i s t i c s .  

In many s o i l s ,  depth and dura t ion  of s a t u r a t i o n  can be 

However, morphological fea tures  cannot be co r re l a t ed  over wide 
After  s u f f i c i e n t  da ta  have been gathered l o c a l l y  
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Host soils that have repeated or extended periods of wetness are mottled or 

These spots are caused 
When 

dull colored in all or part of the profile. 
reddish spots produced by oxidation-reduction processes. 
principally by migration, depletion, or concentration of iron within peds. 
soil is saturated with water in the presence of organic matter, strong reducing 
conditions can exist. 
reduced iron leaves gray zones. 
oxygen content, such as along root channels or other large pores connected with an 
aerated layer, the iron oxidizes and turns reddish. Red, iron-rich domains may 
also form in peds as the soil dries. 

Soil mottles are gray, bluish to 

Iron reduction produces bluish colors, and migration of 
.After reduced iron reaches a zone having higher 

The proportion of grayness implies the thoroughness with which reduced iron 

In a layer that is 

If a soil has peds with grayish exteriors and brownish interiors, 

has been removed. In similar materials of similar age that were not originally 
gray, a gray matrix with reddish or brownish mottles indicates a wetter or more 
reduced regime than a brown or red matrix with gray mottles. 
at or near saturation at some time, red or brown mottles may form as the soil 
slowly dries. 
reducing conditions are apparent in the water that flows past the peds but not 
within the peds. 

Mottles (other than relic mottles) generally indicate the presence of a zone 
of saturation at some period during the year. 
mottles and duration of saturation must be developed for each set of similar soils 
and landscape positions. Inferences about reducing conditions associated with 
wetness must be related to depth of the wet tone and the degree to which it is 
enriched w i t h  organic matter. If mottling is used to determine the need for water 
management systems, care must be taken to be sure that the mottled zone is in fact 
saturated for extended periods. 
nearly saturated condition caused by fine pores and medium or coarse peds and does 
not indicate a water table. 

However, relationships between 

In some cases, the mottling is related to a 

In studying relationships between saturation 8nd soil color patterns, it is 
best to support morphometric data with wetness studies and perhaps wasurcments of 
the degree of reduction. Hottled zones are aften relic (formed in an earlier 
period of wetness), as in basal till or in gray weathering tones in loess. 
Reddish mottles composed of iron oxides persist as relics after natural drainage 
improves. 
immediately upon aeration. Bluish gray color of reduced iron tends to change 
rapidly with aeration. The gray color of iron depleted horizons vi11 persist 
indefinitely or until iron or organic matter is reintroduced into the horizon. 
Hottles may be peculiar to a certain weathering sequence such as that in mine 
spoil. 

An exception is very sandy soils, in which colors may change 

Not all wet soils have morphological properties reflecting the lwetness. Some 
soils are wet for significant periods, but the water contains sufficient oxygen to 
maintain bright, unmottled soil colors. 
Hapludalfs, are wet only during winter when soil temperatures are so low that 
organisms have a very slow rate of respiration and chemical reactions virtually 
stop. These soils are wet only when the processes that would cause mottles and 
dull colors do not operate. 

characterization is based on systematic measurement of zones of wetness and 
describes where and when soil layers are wet. 
soils. 

Host of these soils, for example many 

Two systems are used in this manual t o  describe soil wetness. soil wetness 
It deals only with the wet state in 

At present there is not sufficient field data to establish meaningful 
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~- 
I .  

limits f o r  general c lasses  of soil water s t a t e s .  
w i l l  permit important statements t o  be made f o r  crop production, engineering, and 
other uses t h a t  a r e  affected by wetness. 

S o i l  wetness charac te r iza t ion  

So i l  drainage c lasses  a re  useful  l o c a l l y  t o  summarize s o i l  wetness and other - 
s o i l  water s t a t e s  t h a t  a r e  important t o  major crops and farming systems i n  a given 
area.  

s o i l  drainage c lasses  may be cor re la ted  f o r  a reas  the  size of s t a t e s ,  but  t o  
t r ans fe r  a concept of a drainage c l a s s  t o  a reas  with g rea t ly  d i f f e r e n t  climates o r  
crops i s  seldom successful .  

Soi l  wetness charac te r iza t ion  

The following c lasses  describe depth t o  the  w e t  s t a t e  and durat ion of the  w e t  
Spec i f ic  c lasses  a re  not defined f o r  thickness of t he  wet l aye r  o r  f o r  the  s ta te .  

time of year t h a t  the s o i l  i s  wet. These a r e  general ly  described by s t a t i n g  the  
average thickness of the  wet layer ,  i f  the  l aye r  is  perched, and the  months t h a t  
wetness occurs. 

Classes of depth t o  the wet -: 
I 

> 1,Ll 

40-  -3 

2 0 -  40 

/ ¶  - L C' 

Class 1: 
Class 2: 
of 100 cm 
Class 3: 
o f  so cm 
Class 4 :  
of 25 cm 

Not wet above a depth of 150 cm 
Wet i n  some p a r t  above a depth of 150 cm but  not  above a depth 

Wet i n  some p a r t  above a depth of 100 an but  not  above a depth 

Wet i n  some p a r t  above a depth of 50 cm but  not  above a depth 

I* 

I O ' '  Class 5 :  Wet above a depth of 25 cm 

Classes of durat ion of t he  wet s t a t e :  

Class a: Wet l e s s  than one-twelfth of the time 
Class b: Wet one-twelfth t o  one-fourth of the time 
Class c: Wet one-fourth t o  one-half of t h e  time 
Class d: Wet more than one-half of t h e  time 

S o i l  wetness charac te r iza t ions  may be writ ten i n  na r ra t ive  foxm o r  shown 
In general ,  periods of wetness are rounded t o  the  neares t  whole 

For example, a s o i l  t h a t  has a wet l a y e r  l5 em t h i ck  above a f ragipan a t  a 

"The s o i l  is wet between 50 cm and 

graphically.  
month. 
depth o f  75 cm from about Harch 1 t o  June 20 and again from the  end of September 
t o  t h e  end of October would be described thus: 
1 m fo r  5 months, from ?larch through June and i n  October; wet tone is  perched and 
averages 15 cm i n  thicltlpess." 

The s o i l  shown i n  t a b l e  4-2 could be described as follows: "The s o i l  i s  w e t  

There is a perched wet zone between depths of 25 
below a ,depth  of 50 cm January through Harch, below a depth of 25 cm in Apri l ,  and 
below a depth of 100 cm i n  Hay. 
and SO cm i n  December." 
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Soi l  drainage c lasses  

Seven drainage c lasses  a r e  recognized. The f i r s t  two, excessively drained 
and somewhat excessively drained, .descr ibe s o i l s  t h a t  a r e  dry longer than is 
typ ica l  f o r  the dominant s o i l s  of an area.  
unusually d r y  nor unusually w e t .  Increasing degrees of wetness l i m i t  use of 
moderately well drained, somewhat poorly drained, poorly drained, and very poorly 
drained s o i l s .  

Well drained s o i l s  a r e  ne i ther  

The following de f in i t i ons  a r e  purposely vague i n  order  t o  provide the 
f l e x i b i l i t y  t h a t  i s  des i rab le  f o r  ass igning drainage classes  i n  a given a r e a . ,  The 
concept of t h e  drainage c l a s s  evolved i n  areas  with a humid-temperate climate. 
The de f in i t i ons ,  consequently, r e f l e c t  a b i a s  f o r  these areas  and may have t o  be 
modified i n  other  p a r t s  of the  world. 

The seven c lasses  are:  

1. 

2 .  

3 .  

4. 

5 .  

6 .  

7. 
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Excessively drained: 
hydraulic conductivity and low water holding capacity.  

These a r e  s o i l s  have very high and.high 
They a r e  

not  su i ted  f o r  crop production unless i r r iga t ed .  

Somewhat excessively drained; 
conductivity and low water holding capacity.  

These s o i l s  have high hydraulic 
Without i r r i g a t i o n  

only a narrow range of crops can be Gown and y ie lds  a r e  low. 

Well drained: 
capacity.  
not w e t  c lose  enough t o  the  surface o r  long enough during the  
growing season t o  adversely a f f e c t  y ie lds .  

Hoderately well drained: These s o i l s  a r e  wet c lose  enough t o  t h e  
surface f o r  long enough t h a t  plant ing o r  harvesting operations o r  
y ie lds  of some f i e l d  crops a r e  adversely a f fec ted  unless a r t i f i c i a l  
drainage is provided. Hoderately well drained s o i l s ,  commonly have 
a layer  with low hydraul ic  conductivity,  wet s t a t e  r e l a t i v e l y  high 
i n  the  p r o f i l e ,  addi t ions  of water by seepage, o r  some combination 
of these conditions.  

These s o i l s  have intermediate water holding 
They r e t a i n  optimum amounts of moisture, b u t  they are 

Somewhat poorly drained: 
sur face  o r  long enough t h a t  plant ing o r  harvest ing operat ions o r  
crop growth is markedly r e s t r i c t e d  unless a r t i f i c i a l  drainage is  
provided. 
low hydraulic conductivity,  wet s t a t e  high i n  the p r o f i l e ,  
addi t ions  of water through seepage, or a combination of these 
conditions.  

These s o i l s  are wet c lose  enough t o  t he  

Somewhat poorly drained s o i l s  coomonly have a l ayer  w i t h  

Poorly drained: 
sur face  during 8 considerable p a r t  of t he  year, so t h a t  f i e l d  crops 
cannot be grown under na tura l  conditions. 
conditions a r e  caused by a sa tura ted  tone,  a l aye r  with low 
hydraulic conduct ivi ty ,  seepage, o r  8 combination of these  . 

conditions.  

These s o i l s  commonly a r e  wet a t  or near t he  

Poorly drained 

Very poorly drained: 
the time. 
important crops (except r i c e )  unless a r t i f i c i a l l y  drained. 

These s o i l s  a r e  wet t o  the  surface most of 
These s o i l s  a r e  wet enough t o  prevent the growth of 
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Water Retention Difference - 
The amount of water t h a t  a s o i l  can hold between 33 kPa and 1,500 kPa within 

the zone accessible  t o  roots  i s  t h e  commonly used measure of water re ten t ion  
difference of the s o i l ,  which i n  the pas t  has been re fer red  t o  a s  the ava i lab le  
water capacity.  Water re tent ion d i f fe rence  can be determined f o r  individual  
layers  o r  fo r  the whole s o i l .  
calculated by ( 1 )  estimating the amount of water each l aye r  can hold, 
(2) determining which layers  or  p a r t s  of l aye r s  a r e  s u f f i c i e n t l y  access ib le  t o  
p lan t  roo ts  t o  be s ign i f i can t  sources of water, and (3) summing the  water 
re tent ion differences of the access ib le  layers .  The estimated water r e t en t ion  
difference of a s o i l  does not r e f l e c t  the  amount of water t h a t  p l an t s  can remove 
from the s o i l  o r  the water supplying capaci ty  of the s o i l ;  t h a t  a l s o  depends on 
hydraulic conductivity,  s t r a t i f i c a t i o n ,  osmotic p o t e n t i a l ,  r a i n f a l l ,  runoff and 
runon, i r r i g a t i o n ,  cha rac t e r i s t i c s  of t h e  p l an t s ,  and t h e  l i k e .  

c lay,  s o i l  s t ruc tu re ,  volume of rock fragments, organic mat ter ,  and bulk densi ty .  
Many kinds of mater ia l  a f f e c t  water r e t en t ion  d i f fe rence ,  including bedrock, rock 
fragments, cemented layers ,  and sa tura ted  zones. 
generally contain l i t t l e  water t h a t  i s  ava i l ab le  t o  p lan ts .  

The water re ten t ion  d i f fe rence  of t he  whole s o i l  i s  

I 

Water re tent ion difference is  af fec ted  by such f a c t o r s  a s  t ex tu re ,  kind of 

Horizons of high bulk densi ty  

Estimates of water re ten t ion  d i f fe rence  a r e  based on f i e l d  measurements and 
observations,  supplemented by ava i lab le  laboratory data .  
es tab l i shed ,  such a s  t h a t  between f ie ld-est imated c lay  content ,  bulk densi ty ,  
s t ruc tu re ,  and moisture a t  1,500 kPa tension. 
within a l i m i t e d  range of s o i l s ;  nevertheless ,  usefu l  guidel ines  can be 
establ ished within regions. 

Relationships can be 

Such re la t ionships  apply only 

Water Hovement - 
The movement of water over, i n t o ,  and through t h e  s o i l  is cont ro l led  by 

supply, by i n t e r n a l  and ex terna l  s o i l  p rope r t i e s ,  and by environmental f ac to r s .  
So i l  p roper t ies  influencing water movement include s lope,  sur face  roughness, water 
repellency, cracks,  coarse fragments, s t ruc tu re ,  t o t a l  poros i ty ,  size and 
cont inui ty  of pores,  and water content of t h e  s o i l .  Environmental f a c t o r s  include 
form and in t ens i ty .o f  p rec ip i t a t ion ,  na ture  of t he  p l a n t  cover, and temperature. 

Any f ac to r  t h a t  changes t h e  res i s tance  t o  water flow changes t h e  amount of 
water moving over, i n t o ,  o r  through the s o i l  and t h e  r a t e  of movement. 
example, a rough surface i s  more r e s i s t a n t  t o  water flow than a smooth surface.  
Since water moves much more e a s i l y  through l a rge  pores than  through small  ones, 
the  s i z e  and cont inui ty  of pores i n  a s o i l  l a rge ly  determines the  r a t e  of i n t e r n a l  
water movement. Cracks, s t ruc tu re ,  coarse fragments, and porosi ty  determine the  

For 
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cross-sect ional  area ava i l ab le  f o r  water movement through a s o i l .  
cross-sect ional  area ava i l ab le  f o r  flow decreases the  r a t e  and amount of water  
movement through the  s o i l .  
o r  water a t  very low tension,  because the a i r  bubbles a c t  l i k e  coarse fragments 
and block water flow. ' 

Decreasing the 

Trapped a i r  decreases flow i f  the  s o i l  has f ree  water 

Runoff is t he  movement of water across  the surface of the  s o i l .  I n f i l t r a t i o n  

Hydraulic conductivity i s  the  r a t e  of movement 
i s  the  entry of water i n t o  the  s o i l  a t  the surface.  
movement of water within t h e  s o i l .  
of water within the  s o i l  as  r e l a t ed  t o  hydraulic gradient.  
conductivity i s  the  term used i f  f r e e  water i s  present ,  and unsaturated hydraulic 
conductivity i s  used i f  t h e  water i s  under tension; both terms can be applied t o  
v e r t i c a l  o r  horizontal  water movement. 

Percolat ion is t he  downward 

Saturated hydraulic 

8 

Runoff 

Runoff is the  water t h a t  f l ovs  away from the  s o i l  over t h e  sur face  without 
i n f i l t r a t i n g .  E/ The water may come from p rec ip i t a t ion  o r  run-on from"adjacent 
areas .  The r a t e  and amount of runoff a r e  determined by i n t e r n a l  and ex terna l  
cha rac t e r i s t i c s  of t he  s o i l  and by climate and p l an t  cover. 
s ign i f i can t ly  d i f f e r e n t  on a s o i l  under na tura l  cover, under cu l t i va t ion ,  and 
under d i f f e r e n t  kinds of management. Differences i n  runoff can a l s o  be caused by 
differences i n  topography. Ra in fa l l  i n t e n s i t y  influences runoff.  S o i l s  may have 
a high r a t e  of runoff when frozen. These conditions should be spec i f ied  when 
estimating runoff.  

Runoff can be 

Six c lasses  of r a t e  of runoff are recognized: 

Ponded: 
f r e e  water s tands  on t he  surface f o r  s ign i f i can t  periods.  
va t e r  t h a t  must be removed from ponded areas  by movement through the  
s o i l ,  by p l a n t s ,  or by evaporation i s  usual ly  g rea t e r  than t h e  t o t a l  
r a i n f a l l .  
s o i l s ,  and water depth may f luc tua te  great ly .  

L i t t l e  of the prec ip i t a t ion  and run-on escapes a s  runoff,  and 
The amount of 

Ponding normally occurs on l e v e l  t o  near ly  l eve l  depressional 

Very slow: 
the  sur face  f o r  long periods o r  i m e d i a t e l y  enters t h e  s o i l .  
the  water passes  through t h e  s o i l ,  i s  used by p l an t s ,  o r  evaporates.  
The s o i l s  a r e  commonly l eve l  o r  near ly  level o r  a r e  very open and 
porous. 

Surface water flows avay slowly, and f r e e  water stands on 
Host of 

- Slow: 
the  surface f o r  moderate periods o r  enters the s o i l  rapidly.  
t he  water passes  through the  s o i l ,  is used by p l an t s ,  o r  evaporates.  
The s o i l s  a r e  near ly  l e v e l  o r  very gently sloping, o r  they are s teeper  
but  absorb p r e c i p i t a t i o n  very rapidly.  

Medium: Surface water flows away f a s t  enough t h a t  f r e e  water stands on 
t he  sur face  f o r  only sho r t  periods.  Par t  of t he  p r e c i p i t a t i o n  en te r s  
the  s o i l  and is used by p l an t s ,  i s  l o s t  by evaporation, o r  moves i n t o  
underground channels. The s o i l s  a r e  near ly  l e v e l  o r  gent ly  s loping and 
absorb p r e c i p i t a t i o n  a t  a moderate r a t e ,  o r  they a r e  s t eepe r  but  absorb 
water rap id ly .  

Surface water flows away slowly enough that f r e e  water s tands on 
Host of 
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Rapid: 
concentration is brief and free water does not stand on the surface. 
Only a small part of the water enters the soil. 
moderately steep or steep and have moderate to slow rates of absorption. 

Very rapid: Surface water flows away so fast that the period of 
concentration is very brief and free water does not stand on the 
surface. 
mainly steep or very steep and absorb precipitation slowly. 

Surface water flows away fast enough that the period of 

The soils are mainly 

Only a small part of the water enters the soil. The soils are 

Hydraulic condbctivity 

Hydraulic conductivity is the rate of water movement within the soil. It is 
The rate of water a measure of the ease with which water moves through the soil. 

movement at any time depends on soil properties, which determine the maximum 
conductivity, and the hydraulic gradient at that time. 

A distinction is made between saturated hydraulic conductivity and 
unsaturated hydraulic conductivity. 
pressure is positive (tension of less than 0 Ha). In most soils water pressure 
is possible when about 95 percent or more of the total pore space is filled with 
water. 
proportion of total pore space filled with water may approach 100 percent. 
Saturated hydraulic conductivity is a function of such soil properties as pore 
size distribution, pore geometry, total porosity (water-filled porosity at 
saturation), and clay mineralogy. Saturated hydraulic conductivity is the 
greatest rate at which water can move through the soil. 

Saturated flow occurs when soil water 

If the soil remains saturated for a long time (several months or more) the 

Water flow is unsaturated when the soil water is under tension (negative 
pressure). Unsaturated hydraulic conductivity is a function of the same soil 
properties as saturated hydraulic conductivity and also of the soil water content 
(water-filled porosity). Unsaturated flow is always slower than saturated flow. 

Hydraulic conductivity classes in this manual are defined in terms of 
vertical saturated hydraulic conductivity. 
classes cannot be defined at this time. 

Unsaturated hydraulic conductivity 

Hydraulic conductivity is highly variable. 
soil series can vary by 100-fold or more. 
only centimeters apart may vary by 10-fold or more. 
laboratory-determined values are generally higher than field-measured values, 
often by as much as 100-fold. Field methods generally are more reliable than 
laboratory methods. Because of this variability, a single measured value is a 
poor indicator of a soil's hydraulic conductivity. 
gives a reliable estimate that can be used to place the soil into a particular 
hydraulic conductivity class. 

Hydraulic conductivity can be given for the soil as a whole or for a 

Heasurcd values for a particular 
Values measured on soil samples taken 

Furthermore, 

An average of several values 

I 

particular layer or combination of layers. The layer with the lowest value 
determines the hydraulic conductivity classification of the soil. 
appreciable thickness of soil above or below the least conductive layer has 
significantly higher hydraulic conductivity, then the estimates of both parts are 
usually given. 

If an 
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Since measured values of hydraulic conductivity a r e  ava i lab le  on r e l a t i v e l y .  
few s o i l s ,  estinaates a r e  based on s o i l  p roper t ies  and on cor re l a t ions  t h a t  have 
been made between these  proper t ies  and hydraulic conductivity measurements. 

A s o i l  o r  l aye r  i n  the  higb hydraulic conductivity c l a s s  commonly t ransmits  
water downward so readi ly  t h a t  the  s o i l  o r  layer  remains wet f o r  no more than a 
few hours a f t e r  thorough wetting. 
both and has l i t t l e  s i l t  and clay.  The layer  or  
s o i l  has many continuous conducting pores t h a t  a r e  usual ly  medium t o  coarse. 
size and cont inui ty  of pores and voids a r e  the c r i t i c a l  f ac to r s .  Many pores and 
voids a r e  la rge  enough t o  be dis t inguished eas i ly ;  t h e i r  cont inui ty  and 
pers i s tence  when the  s o i l  i s  wet must be determined. 
f ine- textured layers  have s t rong granular s t ruc tu re  and l a r g e  connecting pores. 
Others have many l a rge  voids,  pores, o r  root  channels t h a t  t ransmit  water rapidly.  
I f  the  s o i l  cracks when dry,  t he  cracks may not  c lose on wetting. 
a r t i f i c i a l l y  drained marine clays have la rge  cracks through which water moves 
rapidly.  
c l a s s .  
c l a s s  a r e  dominated by coarse rock fragments v i thout  enough f i n e s  t o  f i l l  t he  
voids between them; have la rge  permanent cracks o r  many worm holes;  o r  are coarse 
sand, very coarse sand, o r  gravel ly  sand. 

S o i l  i n  t h i s  c l a s s  i s  l a rge ly  gravel ,  sand, or 

The 
I t  has l a rge  connected voids.  

Some mcdium- hnd 

Some 

Layers t h a t  a r e  la rge ly  volcanic cinders comnonly a r e  placed i n  the  high 
S o i l s  i n  the  vcry high This c l a s s  can be divided i n t o  high and verp high. 

. 
A s o i l  o r  l aye r  i n  the  moderate hydraulic conduc t iv i t l  c l a s s  commonly 

t ransmits  water downward readi ly  enough t h a t  it remains w e t  f o r  no more than a few 
days a f t e r  thorough wetting. 
o r  weakly p l a t y  i f  they contain common continuous pores. 
dry,  t he  cracks may not  c lose  on wetting. 
considered favorable f o r  root ing and f o r  supplying v a t e r  t o  p l an t s .  
c l a s s  can be divided i n t o  moderate and moderately &. 

A s o i l  i n  the  & hydraul ic  conductivity c l a s s  commonly t ransmits  water 
downward so slowly t h a t  it remains w e t  f o r  a week o r  more a f t e r  thorough wetting. 
S o i l s  i n  the  low c l a s s  a r e  s t ruc tu re l e s s  o r  have only f i n e  and discontinuous pores 
(as  i n  some clays,  f ragipans,  or cemented layers) .  Layers may be massive, blocky, 
o r  p la ty .  
connecting pores t h a t  could conduct water when the  s o i l  i s  wet. 
cracks when dry,  the  cracks c lose  completely on wetting. 
few o r  absent and a r e  local ized along t h e  cracks. 
stress surfaces  a l s o  ind ica t e  low hydraulic conductivity.  
class can be divided i n t o  & and very low. 

Layers may be massive, granular ,  blocky, pr ismatic ,  
I f  t he  r o i l  cracks when 

The moderate 
This c l a s s  includes msny s o i l s  

S t ruc tu ra l  p l a t e s  o r  blocks conmonly a r e  overlapping. There are few 
If t h e  s o i l  

P l an t  roo ts  a r e  usua l ly  

If des i rab le ,  t h e  low 
Sl ickensides  and continuous 

The following a r e  de f in i t i ons  of t h e  hydraulic conduct ivi ty  classes: 
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Low : 

0.01-0.1 Low -------------------.--------.------------ 
a. 01 V e r y  low -_-----_---------------.------------ 

Hydraulic conductivity does not describe the ability of soils in their 
natural setting to dispose of water internally. 
conductivity yet contain f ree water because there are restricting layers below the 
soil or because the soil is in a depression where water from surrounding areas 
accumulates faster than it can pass through the soil. The water may actually move 
very slowly despire the soil's high conductivity. 
is a product of the hydraulic conductivity and the hydraulic gradient. 
hydraulic conductivity cannot be used to describe water movement under unsaturated 
conditions. 

A soil may have very high 

Actual rate of water movement. 
Saturated 

. 
Soil Temperature 

Temperature, like soil-water state, changes with time, and it usually differs 
from layer to layer at any given time. 
characterizing soil temperature is a different kind of problem than characterizing 
properties that do not change, or that change little, such as texture, structure, 
and cation exchange capacity. 
contribute to the characterization of kinds of soil. 

Because it does change with time, 

Values for soil temperature measured over time 

During the course of a soil survey, the temperatures of the soil8 art  
described as one of the properties important both in soil genesis and 
classification and in soil use. 
biological activities. 

Soil temperature exerts a strong influence on . 
It also influences the rates of chemical and physical 

processes within the soil. 

Characteristics of Soil Temperature 

Heat is both absorbed at and lost from the surface of the 8011. 

The high and low temperatures that 

Temperature 
at the surface can change from hour to hour in a daily cycle, though it does not 
do so everywhere-for example, not under snow. 
define the limits of the daily cycle also change from season to se880n in an 
annual pattern related to net gains and losses of heat. 
surface of the soil can be described in terms of daily cycler within rlurual 
cycles. 
seasonal averages. 

The temperature at the - 
It can also be characterized as an annual average or as a sequence of 

The soil transmits heat downward when the temperature near the surface is 
higher than the temperature below. It transmits heat upward when the temperature 
is warmer within the soil than at the surface. 
depths within the soil, BS well as in the surface horizon, follow cycles that can 
be described in detail or characterized by annual and seasonal averages. 
cycles decrease in amplitude as depth increases; the daily cycles are scarcely 
measurable below a depth of 50 cm in most soils. Seasonal cycles are evident to 
much greater depths where seasonal air temperature differences are pronounced, but 
the temperature at a depth of 10 m is nearly constant in most soils and is about 
the same as the mean annual temperature of the s o i l  above. 

Soil temperatures 8t various 

The 
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The temperature cycle a t  depth lags  behind t h a t  nearer  the  surface.  
time f o r  heat  t o  be transmitted within the  s o i l .  
Great P la ins  of t he  United S t a t e s ,  f o r  example, i f  t he  mean s o i l  temperature 'a t  a 
depth of 50 cm reaches i t s  maximum i n  the  seasonal cycle i n  ea r ly  Ju ly ,  s o i l  
temperature a t  a depth of 200 cm may not reach i t s  maximum u n t i l  mid-August. The 
summer temperature of a seasonal cycle a t  a depth of 200 an may be 10' C less than 
a t  a depth of 50 cm i n  t h a t  area.  
temperature i s  higher a t  depth than a t  the  surface.  The l a g  of t he  annual cycle 
p e r s i s t s ,  however. 

As a consequence of these  depth re la t ionships ,  s o i l  temperature v a r i e s  from 
l aye r  t o  l aye r  a t  a given s i te  a t  a given time. 
temperatures a t  d i f f e r e n t  depths i n  the same pedon a r e  compared, they usua l ly  do 
not d i f f e r .  If the  temperatures a r e  d i f f e r e n t ,  t h e  d i f fe rence  is  r e l a t ed  e i t h e r  
t o  a s i g n i f i c a n t  source of heat within the  s o i l  o r  t o  a s ink ,  such a s  permanent 
ice,  where heat  i s  diss ipated.  Mean annual temperature is  one of severa l  useful 
values t h a t  descr ibe the  temperature regime of a s o i l .  

I t  takes 
In some p a r t s  of the  Northern 

In winter the  re la t ionship  i s  reversed: 

Yet i f  t h e  average annual 

The amplitude of seasonal f luc tua t ion  of s o i l  temperature i s  a second 
c h a r a c t e r i s t i c  of a s o i l .  S o i l  temperature f luc tua te s  l i t t l e  seasonal ly  near the 
equator;  it f luc tua te s  widely a s  seasons change i n  the  middle and high l a t i t u d e s .  
A number of modifying f ac to r s  can a f f e c t  the  re la t ionship ,  bu t  d i f fe rences  i n  
seasonal mean temperature within the  upper meter of s o i l  is  a usefu l  d i s t i nc t ion  
between s o i l s  i n  d i f f e r e n t  p a r t s  of the  world. 

For s o i l s  t h a t  f reeze  i n  winter,  s o i l  temperature is influenced by another 
phenomenon. 
se leases  about 80 ca lo r i e s  per  gram of water. 
t he  water i n  the  s o i l  freezes. 
t h e  frozen l aye r  becomes th icker .  
may f reeze  t o  depths grea te r  than 2 a and st i l l  thaw out  i n  sumper. 
regions frozen layers  a r e  continuously present .  
t he  summer because hea t  i s  required t o  warm the  s o i l  and t o  melt  t he  ice. 
a reas  of heavy snowfall ,  the  snow provides an in su la t ing  blanket  and s o i l s  do not 
f reeze  a s  deeply. 

The conversion of water from the  l i q u i d  form t o  the  s o l i d  form, ice ,  

As winter progresses ,  and i f  moisture i s  present ,  
In the  northern p l a ins  of North America, s o i l s  

This heat  must be d i s s ipa t ed  before 

4- In colder  
Frozen s o i l s  thaw out  slowly i n  

In 

- tlean seasonal temperatures, too,  can be used t o  charac te r ize  s o i l  
temperature. 
l a g  progressively a s  depth increases.  

p l a n t s  and animals. 
processes e s s e n t i a l l y  stop. 
a r e  a c t i v e  i f  unfrozen zones a r e  associated with f reez ing  zones. 
temperature of about So C, growth of roots  of most p l an t s  i s  negl ig ib le .  
i n  a reas  where s o i l s  have permanently frozen l aye r s  near the surface,  even large 
roots  of adapted p l a n t s  a r e  present  i m e d i a t e l y  above the f rozen l a y e r  la te  i n  
summer. Host p l an t s  grow bes t  within a r e s t r i c t e d  range of so i l  and a i r  
temperature. 
s o i  1 -p lan t  r e l a  ti onships. 

i n t e n s i t y ,  and d i s t r i b u t i o n  of p rec ip i t a t ion ,  d a i l y  and umnthly f luc tua t ions  i n  
temperature, and inso la t ion ;  kinds, amounts, and pers i s tence  of vegetat ion;  

Seasonal temperature differences decrease and the  seasonal cycles 

S o i l  temperature inf luences the  r a t e  of weathering i n  soi l  and t h e  growth of 
When the  s o i l  i s  frozen, b io log ica l  a c t i v i t i e s  and chemical 

Some physical processes associated with ice formation 

However, 
Be1ow.a s o i l  

Knowledge of s o i l  and a i r  temperature i s  e s s e n t i a l  i n  understanding 

Many o the r  f ac to r s  inf luence s o i l  temperature. They include amount, 
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duration of moisture s t a t e s  and snow cover; k i n d s z f  organic  depos i t s ;  s o i l  co lor ;  
aspect and gradien t  of s lope ;  e leva t ion ;  and ground water.  
a r e  described where they a r e  s ign i f i can t .  

A l l  of t hese  f a c t o r s  

Estimating So i l  Temperature 

Hean annual s o i l  temperature i n  temperate humid cont inenta l  c l imates  can be 
approximated by adding lo C t o  t he  mean annual a i r  temperature reported by 
standard meteorological s t a t i o n s  a t  loca t ions  representa t ive  of t h e  s o i l  t o  be 
character ized.  
more r e l i a b l y  by a s i n g l e  reading a t  a depth of 10 meters. If water i n  wells is  
a t  depths between 10 and 20 meters, t h e  temperature of t h e  water usua l ly  gives a 
c lose est imate  of mean annual s o i l  temperature. 
a l s o  be estimated c lose ly  from t h e  average of four readings a t  about 50 cm depth 
equally spaced throughout t h e  year.  

The mean annual s o i l  temperature a t  a given p lace  can be estimated 

Hean annual s o i l  temperature can 

The mean s o i l  temperature f o r  summer can be estimated by averaging th ree  
measurements taken a t  a constant  depth between 50 cm and 1 m on t h e  15th  of each 
of the  th ree  months of t h e  season. S imi la r  methods may be used t o  es t imate  s o i l  
temperature f o r  o ther  seasons.  
va r i a t ion  caused by d i f fe rences  i n  vege ta t ion  ( p a r t i c u l a r l y  dens i ty  of canopy), 
ground water,  snow, aspec t ,  r a in ,  unusual weather condi t ions,  and o the r  f ac to r s .  
Tests f o r  near ly  l eve l ,  f r e e l y  drained s o i l s ,  both grass-covered and cu l t i va t ed ,  
produce comparable values.  Over t h e  usual period of a s o i l  survey, systematic  
s tud ies  can be made t o  e s t a b l i s h  temperature r e l a t ionsh ips  i n  t h e  survey area .  

Measurement of temperature t o  charac te r ize  a s p e c i f i c  kind of  s o i l ,  such as a 
s o i l  series, should take i n t o  account t h e  geographic v a r i a t i o n  of s o i l  temperature 
a s  well a s  i t s  v a r i a t i o n  with time. S o i l  temperature, l i k e  o ther  so i lTprope r t i e s ,  
d i f f e r s  among pedons. 
paragraph cont r ibu te  t o  d i f fe rences  among s o i l s  of t he  same series. 

These methods give values sub jec t  t o  minor 

Differences i n  the  f a c t o r s  mentioned i n  t h e  preceding 

Designations f o r  Horizons and Layers 

I n  making s o i l  examinations, every horizon o r  l aye r  is described sepa ra t e ly ,  
regardless  of whe the re i t  i s  genet ic  o r  a l l  t h e  p rope r t i e s  a r e  inhe r i t ed  from t h e  
parent  mater ia l .  The descr ip t ions  must  be completely objec t ive .  Laboratory da ta  
on co l lec ted  samples increase  t h e  importance of t h e  descr ip t ions ;  bu t  without 
ob jec t ive  descr ip t ions  t h e  laboratory data  cannot be in t e rp re t ed  s a f e l y ,  i f  indeed 
t h e  data a r e  re levant  a t  a l l .  

S o i l s  vary widely i n  t h e  degree t o  which horizons a r e  expressed. Re la t ive ly  
f r e sh  geologic. formations, such a s  a l l u v i a l  fans, sand dunes, o r  b lankets  of 
volcanic  ash,  may have no recognizable gene t ic  horizons,  although: they may have 
d i s t i n c t  l ayers  t h a t  r e f l e c t  d i f f e r e n t  modes of deposi t ion.  
proceeds, horizons may’be de tec ted  i n  t h e i r  e a r l y  s t ages  only  by very ca re fu l  
examination. 
the  f i e l d ,  though only one o r  two d i f f e r e n t  horizons may be r e a d i l y  apparent i n  
some very o ld ,  deeply weathered s o i l s  i n  t r o p i c a l  a reas  where annual p r e c i p i t a t i o n  
is h i g h .  

As s o i l  formation 

A s  age increases ,  horizons genera l ly  a r e  more e a s i l y  i d e n t i f i e d  i n  
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Layers of different kinds are identified by symbols. Designations are 
provided for layers that have been changed by soil formation and for those that 
have not. Each horizon designation indicates that the original material has been 
changed in certain ways. 
observed properties of the layer with properties inferred for the material before 
it was affected by soil formation. 
not be known; properties of soils relative to those of an estimated parent 
material are the criteria for judgment. 
horizon in question, not the material below the solum, is used as the basis of 
comparison. 
as the unaltered material below. 

The designation is assigned after comparison of the 

The processes that have caused the change need 

The parent material inferred for the 

The inferred parent material comonly is very similar to or the same 

Layers in soil need not be identified by symbols for a good description of 
the soil. 
proper use of designations. 
interpretations of genetic relationships among the layers within a soil. 

Yet the usefulness of soil descriptions is greatly enhanced by the 
These designations show the investigator's 

These designations are not substitutes for descriptions. A designation tells 
little about the properties of the horizon or layer, but if both designations and 
adequate descriptions of a soil are provided, the reader has the interpretation 
made by the person who described the soil and also the evidence on which the 
interpretation was based. 
need for a change in designations. 

Additional studies and.investigations may indicate the 

Genetic horizons a 
Taxonomy. Designations 
the kind of changes tha 

re not the equivalent of the diagnostic horizons of soil 
t are believed to have taken place. Diagnostic horizons 

are quantitativeiy defined features used to differentiate between taxa. 
diagnostic horizons may encompass several genetic horizons, and changes implied by 

different diagnostic criteria. 

of genetic horizons express a qualitative judgment about 

The 

genetic horizon designations may not be large enough to justify recognizing - 
Three kinds of symbols are used in various combinations to designate horizons 

and layers. These art capital letters, lower case letters, and Arabic numerals. 
Capital letters are used to designate the master horizons and layers; lower case 
letters are used as suffixes-to indicate specific characteristics of the master 
horizon and layer; and Arabic numerals are used both as suffixes to indicate 
vertical subdivisions within a horizon or layer and as prefixes to indicate 
discontinuities. 

Some of the symbols for designating horizons and layers and conventions for 
using them are different from those described in the 1962 supplement to the soil 
Survey Hanual. The old and new symbols and conventions are compared in Attacbment 1. 

Hastcr Horizons Layers - 
The capital letters 0, b, E, B, C, and E represent the master horizons and 

layers of soils. 
characters are added to complete the designations. 
given a single capital letter symbol; some require two. 

The capital letters are the base symbols to which other 
Host horizons and layers are 
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0 horizons o r  layers :  
layers  10/ t h a t  a r e  organic. Some are saturated with water f o r  long per iods 
were once sa tura ted  but a r e  now a r t i f i c i a l l y  drained; o thers  have never been 
saturated.  

Layers dominated & organic mater ia l ,  except limnic 
-- -- 

or - 

Some 0 layers  cons is t  of undecomposed o r  p a r t i a l l y  decomposed l i t t e r ,  such a s  
leaves,  needles,  t w i g s ,  moss, and l ichens,  t h a t  has been deposited on the  surface;  
they may be on top of e i t h e r  mineral o r  organic s o i l s .  
peat,  muck, o r  mucky pea t ,  a re  organic mater ia l  t h a t  was depos.ited underwater and 
t ha t  has decomposed t o  varying stages.  The mineral f r a c t i o n  of such mater ia l  is 
only a small percentage of the  volume of the mater ia l  and general ly  i s  much less 
than half  of the  weight. Some s o i l s  cons is t  e n t i r e l y  of mater ia l  designated a s  0 
horizons o r  layers .  

Other 0 layers ,  ca l led  

An 0 layer  may be on the  surface of a mineral s o i l  o r  a t  any depth beneath 
the surface if it i s  buried. 
i n to  a minera1,subsoil i s  not an 0 horizon, though some horizons formed i n  t h i s  
manner contain much organic matter. 

A limnic layer  t h a t  i s  organic i s  designated a C layer .  

A horizons: 
~ l ~ a r a c t e r i z e d ~ c c u m u l a t i o n  of hueif i ed  organic  mat ter  in t imate ly  
mixed with the  mineral f r ac t ion  and not dominated & prope r t i e s  c h a r a c t e r i s t i c  of 
- - -  E B B i G s ( d e f i n e d 1  -- or ( r h a v e  proper t ies  r e s u l t i n  
pasturing, or s imi la r  kinds of disturbance. 

A horizon formed by i l l u v i a t i o n  of organic mater ia l  

Mineral horizons t h a t  formed a t  t he  sur face  o r  below an 0 horizon - and 

If a surface horizon has propert ies  of both A and E horizons but  t he  fea ture  

In  some places ,  as i n  warm a r i d  climates,  t he  undisturbed surface 
emphasized i s  an accumulation of humified organic mat ter ,  it i s  designated an A 
horizon. 
horizon is less dark than the adjacent underlying horizon and contains  only small 
amounts of organic matter. I t  has a morphology d i s t i n c t  from the  C l aye r ,  though 
the  mineral f r ac t ion  is unaltered o r  only s l i g h t l y  a l t e r e d  by weathering. Such a 
horizon is designated A because it is  a t  t h e  surface.  
eo l ian  deposi ts  t h a t  r e t a i n  f i n e  s t r a t i f i c a t i o n  a r e  not  considered t o  be an A 
horizon unless cul t ivated.  

However, recent  a l l u v i a l  or  

E horizons: Hineral horizons i n  which the  main f ea tu re  is l o s s  of s i l i c a t e  clay, 
-' i ron  aluminum, o r  some combination of these,.- 5 concentration of sand and - s i l t  p a r t i c l e s  of guartz  o r  other  r e s i s t a n t  minerals. 

- 

An E horizon is usual ly ,  but  not necessar i ly ,  l i g h t e r  in color  than an 
underlying B horizon. In some s o i l s  the color is t h a t  of t h e  sand and s i l t  
p a r t i c l e s ,  but  i n  many s o i l s  coats of i ron  or o ther  compounds mask t he  co lor  of 
the  primary p a r t i c l e s .  
overlying A horizon by l i g h t e r  color  and general ly  has measurably less organic 
matter than the A horizon. 
underlying B horizon i n  the same sequum by color  of higher  value or lower chroma, 
by coarser tex ture ,  o r  by a combination of these proper t ies .  
commonly near the surface below an 0 o r  A horizon and above 8 B horizon, bu t  the 
symbol E may be used without regard t o  pos i t ion  i n  the  p r o f i l e  f o r  any horizon 
t h a t  meets the requirements and t h a t  has resu l ted  from s o i l  genesis.  

An E horizon is most commonly d i f f e r e n t i a t e d  from an 

An E horizon is  most commonly d i f f e r e n t i a t e d  from an 

An E horizon is  

E - horizons: Horizons t h a t  formed b e  fi A_, E_, 0 horizon and dominated & 
ob l i t e r a t ion  ------ of a l l  o r  much of the o r ig ina l  rock s t r u c t u r e  z/ and by ' ( 1 ) i a l  
concentration of s i l i c a t e  clay, i ron ,  aluminum, humus, carbonates,  ~ y p s u m ,  E 
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s i l i c a ,  alone o r  in combination; (2) evidence of removal of carbonates; 
'-residual concentration of sesquioxides;  ( 4 r c o a t i n g s  of sesquioxides -- t h a t  make 
the horizon conspicuously lower i n  value,  higher i n  chroma, o r  redder in hue than 

and underlying horizons without apparent i l l u v i a t i o n  of iron; 
t h a t  forms s i l i c a t e  clay ~f l i b e r a t e s  oxides o r  both and t h a t  forms 

ranular ,  blocky, or prismatic  s t r u c t u r e  if volume changes accompany changes & 

No cornDon loca t ion  within 

:oisture content;  or ( 6 )  any combination of these.  

Obviously there  a r e  severa l  kinds of B horizon. 
the s o i l  charac te r izes  them, but  a l l  a r e  subsurface horizons o r  were o r ig ina l ly .  
Included a s  B horizons where contiguous t o  another genet ic  horizon a r e  layers  of 
i l l u v i a l  concentration of carbonates,  gypsum, o r  s i l i c a  t h a t  a r e  the r e s u l t  of 
pedogenic processes ( these l aye r s  may o r  may not  be cemented) and b r i t t l e  layers  
t h a t  have other  evidence of a l t e r a t i o n ,  such a s  pr ismatic  s t r u c t u r e  o r  i l l u v i a l  
accumulation of clay.  

Examples of layers  t h a t  are not  B horizons a r e  l aye r s  i n  which c lay  f i lms 
coat rock fragments o r  a r e  on f i n e l y  s t r a t i f i e d  unconsolidated sediments, whether 
the films were formed i n  p lace  o r  by i l l u v i a t i o n ,  and layers  i n t o  which carbonates 
have been i l l u v i a t e d  unless contiguous t o  an overlying genet ic  horizon. 

- C horizons lavers :  Horizons o r  l aye r s ,  excludina bedrock, that a r e  l i t t l e  
a f f e c t e d 1  pedogenic processes and lack prope r t i e s  af 0, A, E ,  
nost are mineral layers ,  bu t  l imnic layers ,  E/ whether organic o r  inorganic,  
included. 
the solum presumably formed. - no evidence of pedogenesis. 

when moist can be dug with a spade. Some s o i l s  form i n  mater ia l  that  is already 
highly weathered, and such mater ia l  t h a t  does not  meet the  requirements of A, E, 
o r  B horizons i s  designated C. Changes not considered pedogenic are those not  
re la ted  t o  overlying horizons. Layers having accumulations of s i l i c a ,  carbonates,  
o r  gypsum o r  more soluble  s a l t s  a r e  included i n  C horizons, even i f  indurated,  
unless these layers  a r e  contiguous t o  an overlying genet ic  horizon; then they a r e  a 
B horizon. 

horizons. 

The material  of C l ayers  may 5 e i t h e r  l i k e  o r  unl ike t h a t  from which 
A C horizon may have.been modified even i f  there is  -- - - -  

Included a s  C l ayers  a r e  sediments, s a p r o l i t e ,  and consolidated bedrock t h a t  

R, Layers: E Bedrock. 

Granite,  b a s a l t ,  qua r t z i t e ,  and indurated limestone or sandstone are examples 
of bedrock t h a t  a r e  designated R. 
coherent when moist t o  make hand digging with a spade impract ical ,  although it may 
be chipped o r  scraped with a spade. 
equipment. 
enough t h a t  few roots  can penetrate .  
o r  other  mater ia l .  

The bedrock of an R l ayer  is s u f f i c i e n t l y  

Some R l aye r s  can be ripped with heavy power 
The bedrock may contain cracks,  bu t  these  a r e  few enough and small  

The cracks may be coated or f i l l e d  with clay 

Trans i t iona l  horizons 

There a r e  two kinds of t r a n s i t i o n a l  horizon. In one, the prope r t i e s  of an 
underlying o r  overlying horizon are. superimposed on proper t ies  of t h e  o ther  
horizon throughout the  t r a n s i t i o n  zone. 
Charac te r i s t ic  of an overlying o r  underlying horizon a r e  enclosed by p a r t s  t h a t  
a r e  c h a r a c t e r i s t i c  of t h e  o ther  horizon. 
designate these kinds of horizons. 

In t h e  o ther ,  p a r t s  t h a t  a r e  

Special  conventions a r e  used t o  
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Horizons dominated by properties of one master horizon but having subordinate 
properties of another. 
The master horizon symbol.that is given first designates the kind of horizon whose 
properties dominate the transitional horizon. 
characteristics of both an overlying A horizon and an underlying B horizon, but is 
more like the A than like the B. 

Two capital letter symbols are used, as AB, EB, BE, BC. 

An AB horizon, for example, has 

@ 
In some cases, a horizon can be designated as transitional even if one of the 

master horizons to which it is apparently transitional is not present. 
h2rizon may be recognized in a truncated soil if its properties are similar to 
tC:-se of a BE,horizon in a soil in which the overlying E horizon has not been 
rmoved by erosion. 
underlies the transitional horizon. 
underlying C horizon is present; it is transitional to assumed parent material. 

A BE 

An AB or a BA horizon may be recognized where bedrock 
A BC horizoh may be recognized even if no 

Horizons -- in which distinct parts have recognizable properties of the two 
kinds of master horizons indicated b 
letters are separated by a virgule #I, as E D ,  B / E , B ) C .  Host of the individual 
parts of at least one of the components are surrounded by the other. 

The designation may be used even though horizons similar to one or both of 
the components are not present, if the separate components can be recognized in 
the transitional horizon. 
the greater volume. 

the capital letters. The two capital --- 

The first symbol is that of the horizon that makes up 

Subordinate Distinctions Within Master Horizons Layers 

Lower case letters art used as suffixes to designate specific kinds of master 
horizons and layers. The symbols and their meanings are as follows: . 

Highlx decomposed organic material 

This symbol is used with "0" to indicate the most highly decomposed of 
the organic materials. 
1/6 of the volume. 

Rubbed fiber content averages less than about 

Buried genetic horizon 

This symbol is used in mineral soil8 to indicate identifiable buried 
genetic horizons if the major features of the buried horizon had been 
established before it vas buried. 
separate an organic layer from J mineral layer. 
may not have formed in the overlying material, which may be either like 
or unlike the assumed parent material of the buried soil. 

It is not used in organic soils or to 
Genetic horizons may or 

Concretions hsrd nonconcretionary nodules 
This symbol is used to indicate a significant accumulation of 
concretions or nonconcretionarp nodules cewnted by material other than 
silica. This symbol is not used if concretions or nodules are dolomite 
or calcite or more soluble sa l t s ,  but it is used if the nodules or 
concretions are iron, aluminum, manganebe, or titanium. 
consistence is specified in the horizon description. 

Their 
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Organic material of intermediate decomposition 
This symbol is used with "0" to indicate organic materials of 
intermediate decomposition. 
volume. 

Rubbed fiber content is 116 to 215 of the 

Frozen soil 

This symbol is used to indicate that the horizon or layer contains 
permanent ice. 
*'dry permafrost" (material that is colder than Oo C but does not contain 
ice). 

Symbol is not used for seasonally frozen layers or for 

Strong gleying 

This symbol is used to indicate either that iron has been reduced and 
removed during soil formation or that saturation with stagnant water has 
preserved a reduced state. 
and many are mottled. 
or the color of uncoated sand and silt particles from which iron has 
been removed. 
such as some shales or E horizons, unless they have a history of 
wetness. 
gleying is implied. 
designated Cg. 

Host of the affected layers have low chroma 
The low chroma can be the color of reduced iron 

Symbol "g" is not used for soil materials of low chroam, 

If no other change has taken place, the horizon is 
If "g" is used with "B,*! pedogenic change in addition to 

Illuvial accumulation of organic matter 

This symbol is used with "B" to indicate the accumulation of illuvial, 
amorphous, dispersible organic matter-sesquioxidc complexes if the 
sesquioxide component is dominated by aluminum but is present only in 
very small quantities. The organosesquioxide material coats sand and 
silt particles or may occur as discrete pellets. 
coatings have coalesced, filled pores, and cemented the horizon. The 
symbol "h" is also used in combination w i t h  "8" as "Bhs" if the amount 
of sesquioxide component is significant but value and chroma of the 
horizon are approximately 3 or less. 

In some horizons, 

Slightly decomposed organic material 

This symbol is used with "0" to indicate the least decomposed of the 
organic materials. 
volume. 

Rubbed fiber content is more than about 2/5 of the 

Accumulation of carbonates 
This symbol is used to indicate accumulation of alkaline earth 
carbonates, commonly calcium carbonate. 

Cementation induration 

This symbol is used to indicate continuous or nearly continuous 
cementation. 
percent cemented, though they may be fractured. 
horizons only through cracks. 

Symbol is used only for horizons that are more than 90 
Roots penetrate "m" 

The cementing material is also 

e 

.! 
I 

4-44 
(430-V-SSH. Hay 1981) 



0 - 

symbolized. 
carbonates, "km" is used; by silica, ''qm"; by iron, ''sm"; by gypsum, 
"ym"; by both lime and silica, "kqm"; by salts more soluble than gypsum, 
1lm. l t  

If 90 percent or more of the horizon is cemented by 

Accumulation of sodium 

This symbol is used to indicate accumulation of exchangeable 
sodium. 

Residual accumulation of sesquioxides 
This symbol is used to indicate residual accumulation of sesquioxides. 

E 

.9 

r - 

S - 

t - 

Plowing or other disturbance 

This symbol is used to indicate disturbance of the surface layer by 
cultivation, pasturing, or similar uses. 
designated Op. 
E, B, or C horizon, is designated Ap. 

Accumulation of silica 
This symbol is used to indicate accumulation of secondary silica. 
silica cements the layer and cementation is continuous or nearly 
continuous, '*qm" is used. 

A disturbed organic horizon is 
A disturbed mineral horizon, even though clearly once a 

If 

Weathered or soft bedrock -- 
This symbol is used with "C" to indicate layers of soft bedrock or 
saprolite, such as weathered igneous rock; partly consolidated soft 
sandstone, siltstone, or shale; or dense till that roots cannot enter 
except along fracture planes. 

Illuvial accumulation of sesquioxides & organic matter 
The material can be dug with a spade. 

This symbol is used with "B" to indicate the accumulation of illuvial, 
amorphous, dispersable organic matter-sequioxidc complexes if both the 
organic matter and sesquioxide components are significant and the value 
and chroma of the horizon is more than 3. 
combination with "h" as "Bhs" if both the organic matter and sesquioxide 
components are significant and the value and chroma are approximately 3 
or less. 

The symbol is also used in 

Accumulation of silicate clry 
This symbol is used to indicate an accumulation of silicate clay that 
either h ~ s  formed in the horizon or has been moved into it by 
illuviation. 
in pores, lamellae, or bridges between mineral grains. 

The clay can be in the form of coatings on ped surfaces or 
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Plinthite 

This symbol is used to indicate the presence of iron-rich, humus-poor, 
reddish material that is firm or very firm when moist and that hardens 
irreversibly when exposed to the atmosphere and to repeated wetting and 
drying. These properties are characteristic of plinthite. 

Development of color or structure 

This symbol is used with "B" to indicate development of color or 
structure, or both, with little or no apparent illuvial accumulation of 
material. 

Fragipan character 

This symbol is used to indicate genetically developed firmness, 
brittleness, or high bulk density. 
fragipans, but some horizons designated "x" do not have all properties 
of a fragipan. 

These features are characteristic of 

Accumulation of gypsum 
This symbol is used to indicate accumulation of gypsum. 

Accumulation of salts more soluble than gypsum 

This symbol is used to indicate accumulation of salts more soluble than 
gYPsum. 

Conventiods for using letter suffixes .--Many master horizons and layers that 
.are symbolized by a single capital letter will have one or more lower case letter 
suffixes. 
and C horizons and layers. 

Comon exceptions are an undisturbed A horizon and many, if not most, E 
Seldom are more than three suffixes needed. 

When letter suffixes are used, they inmediately follow the capital letter. 
If a surface horizon is disturbed, only "p" is used. 

the following letters, if used, are 
written first: a. e. i, h, r, 8 ,  t, u, and w. Except for Bhs or Crt B/ _ _ -  - .  
horizons, none of these letters are used in combination in a single hoszon. 

A horizon is never designated Bth, Bts, or Btw, though a Bw, Bs, or Bh 
horizon may be above or below a Bt horizon. 
accumulation of clay and also shows evidence of development of color or structure, 
or both, is designated Bt, (*'t'* has precedence over "w," "I," and "h'*). 
horizon that is gleyed or that has accumulatons of carbonates, silica, gypsum, 
salts more soluble than gypsum, or residual accumulation of sesquioxides carries 
the appropriate OpbOl--g, k, q, 9, z, or 0 .  
'k" precedes the other symbol: 

A B horizon that has a significant 

A B 

If illuvial clay is also present, 
Bto. Suffixes "h", "s", and "w" are not used with 

8, k l  Q, Y. 2, or 0 .  

If a horizon is buried, the suffix "b" is written last. Suffix "b" is used 
only for buried mineral soils. 
is not buried, these symbols, if used, are written last: 
examples: Btc, Ckm, and Bsv. 

If more than one suffix is needed and the horizon 
c, f, 8, m, and x. Some 
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Lower case letter suffixes are not used wj th transitional horizons unless 
needed for explanatory purposes; for example, use of "k" is appropriate in the 
sequence A-ACkl-ACk2-AC-C to indicate an accumulation of carbonates in the upper 
parss of the AC horizon. 

Vertical subdivision.--Cornonly a horizon or layer designated by a single 
combination of letters needs to be subdivided. The Arabic numerals used for this 
purpose always follow all letters. 
could be C1, C2, C3, etc.; or if the lower part is gleyed and the upper part is 
not, the designations could be C1-C2-Cgl-Cg2 or C-Cgl-Cg2-R. 

Within a C, for example, successive layers 

These conventions apply whatever the purpose of subdivision. In many soils, 
horizons that would be identified by one unique set of letters are subdivided on 
the basis of evident morphological features, such as structure, color, or texture. 

whatever level in the profile any element of theletter symbol changes. 
Btl-Bt2-Btkl-Btk2 is used, not Btl-Bt2-Btk3-Btkl. 
subdivisions within a horizon is not interrupted at a discontinuity (indicated by 
a numerical prefix) if the same letter combination is used in both materials: 
Bsl-Bs2-2Bs3-2Bs4 is used, not Bsl-Bs2-2Bsl-2BsZ. 

These divisions are numbered consecutively. The numbering starts with 1 at F Thus 
The numbering of vertical 

Sometimes, thick layers are subdivided during sampling for laboratory 
analyses even though differences in morphology are not evident in the field. 
These layers need to be identified, and this is done simply by numbering each 
subdivision consecutively within a layer having a unique symbol, starting at t h e  
top. For example, four layers of a Bt horizon sampled by 10-an increments would 
be designated Btl, Bt2, Bt3, and B t 4 .  

. Discontinuities.--In mineral soils m numerals are used as prefixes to 
indicate discontinuities. Wherever needed, they are used preceding A, E, B, C, 
and R. These prefixes are distinct from Arabic numerals used as suffixes to 
denote vertical subdivisions. 

A discontinuity is a siknificant change in particle-size distribution or 
mineralogy that indicates a difference in the material from which the horizons 
formed or, a significant difference in age. Symbols 
to i d e n t i f y t y  when they will contribute substantially 
to the reader's understanding of relationships among horizons. 
of a given kind of discontinuity may be large in one soil and small in another, or 
even large in one horizon and small in another of the same profile. Stratifi- 
cation comon to soils formed in alluvium is not designated as discontinuities 
even if particle size distribution differs markedly from layer to layer unless 
genetic horizons have formed in the contrasting layers. 

The significance 

Where a soil has formed entirely in one kind of material, a prefix is omitted 
from the symbol; the whole profile is material 1. 
material in a profile having two or more contrasting materials is understood to be 
material 1, but the number is omitted. Numbering starts with the second layer of 
contrasting material, which is designated "2." Underlying contrasting layers are 
numbered consecutively. 
material 1, it is designated "3" in the sequence. 
in the material, not the type of material. 
formed in one kind of material, the same prefix number it applied t o  all of the 
horizon designations in that material: Ap-E-Btl-2Bt2-2Bt3-2BC. The number 
suffixes designating subdivisions of the Bt horizon continue in consecutive order 
across the discontinuity. 

Similarly, the uppermost 

Even though a layer belov material 2 is similar to 
The numbers indicate a change 

Where two or more consecutive horizons 
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If an R layer is below a soil that formed in residuum and the material of the 
R layer is presumed to be like that from which the material of the soil weathered, 
the Arabic number prefix is not used. 
like that in the solum, the number prefix is used, as in A-Bt-C-2R or A-Bt-2R. If 
part of the solum formed in residuum, 
Ap-Btl-2Bt2-2Bt3-2C1-2C2-a. 

If the R layer would not produce material 
"R" is given the appropriate prefix: 

Buried horizons (designated "b") are special problems. 
obviously not in the same deposit as horizons in the overlying deposit. 
buried borizons, however, formed in material lithologically like that of the 
overlying deposit. 
horizons. If the material in which a horizon of a buried soil formed is 
lithologically unlike that of the overlying material, the discontinuity is 
designated by number prefixes and the symbol for a buried horizon is used as well: 
Ap-Btl-Bt2-BC-C-ZAb-2Btb1-2Bbb2-2C. 

A buried horizon is 
Some 

A prefix is not used to distinguish material of such buried 

In organic soils, discontinuities between different kinds of layers are not 
In most cases the differences are shown by the letter suffix identified. 

designations, if the different layers are organic, or by the master symbol if the 
different layers are mineral. 

--- Use of the prime.--Identical designations may be appropriate for tvo or more 
horizons or layers separated by at least one horizon or layer of a different kind 
in the same pedon. The sequence A-E-Bt-E-Btx-C is an example: the soil has two E 
horizons. To make communication easier, the prime is used vith the master horizon 
symbol of the lower of two horizons having identical letter designations: 
A-E-Bt-E'-Btx-C. The prime is applied to the capital letter designation, and any. 
lower case symbols follow it: 
the designations of two different laycrs'are identical. Rarely, three layers have 
identical letter symbols; a double prime can be used: E" 

' 

B't. The prime is not used unless all letters of' 
. 

The same principle applies in designating layers of organic soils. 
is used only to distinguish two or more horizons that have identical symbols: 
Oi-C-O'i-C' or Oi-C-Oe-C'. 
differentiate it from the upper. 

The prime 

The prime is added to the lower C layer to 

Sample Horizon Sequences 

The following examples illustrate some copJpon horizon and layer sequences of 
important kinds of soil and the use of conventions for designations. 
were selected from soil descriptions on file and modified.to reflect present 
conventions. 

The examples 

Hineral soils : 

Typic Hapludoll: A1-A2-Bv-BC-C 

Pachic Haploboroll: Ap-A-Bwl-Bw2-BC-Ab-Bwbl-Bwb2-2C 7 

Typic Argiaquoll: A-AB-BA-Btg-BCg-Cg 

Typic Haplorthod: Ap-E-Bhs-Bs-BC-C1-C2 
Typic Fragiudalf: O-A-E-BE-Btl-BtZ-B/E-B'tl-B't2-Btxl-Btx2-C 

, Typic Haploboroll: Ap-A-Bw-Bk-Bkyl-Bky2-C 

Typic Argialboll: Ap-A-E-Btl-Bt2-BC-Ck 3, 

Entic Haplorthod: 01-02-Bsl-Bs2-BC-C < 
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Typic Haploxeralf: Al-A2-A3-2Btl-2Bt2-2Bt3-2BC-2C 
G1 os sobo ri c Hap luda 1 f : 
Typic Hapludult: O-Al-A2-BA-Btl-BtZ-BC-C 
Arenic Plinthic Paleudult: Ap-E-Bt-Btc-Btvl-Btv2-BC-C 
Typic Haplargid: A-Bt-Bkl-Bk2-C 
Entic Durorthid: A-Bw-Bq-Bqm-2Ab-2Btkb-3Byb-3Bqmb-3Bqkb 
Typic Dystrochrept: Ap-Bul-Bw2-C-R 
Typic Fragiochrept: Ap-Bw-E-Bxl-Bx2-C 
Typic Haplaquept: Ap-AB-Bgl-Bg2-BCg-Cg 
Typic Udifluvent: Ap-C-Ab-C' 
Typic Pellustert: Ap-A-AC-C1-C2 

/ 

Ap-E-B/E-Bt 1-Bt2-C 

Organic soils: /- 

Typic Hedisaprist: Op-Oal-0a2-0a3-C 
Typic Sphagnofibrist: Oil-Oi2-0i3-0e 
Limnic Borofibrist: Oi-C-0il-0i2-C'-0e-Ct' 
Lithic Cryofolist: 01-02-R 

Single sets of designators do not cover all situations, and some improvising 
For example, Alfic Udipsanments have lamellae that are separated has to be done. 

from each other by eluvial layers. 
describe each lamella and eluvial layer as a separate horizon, they are combined 
but the components are described separately. 
several lamellae and eluvial layers and might be designated an E and & horizon. 
The complete horizon sequence for this soil could be: 
Bt2-C. 

Since it is generally not practical to 

One horizon would then contain 

Ap-Bw-E and Btl-E and 

Cyclic and Intermittent Horizons and Layers 

A few soils have cyclic horizons or layers,'a few others have intermittent 
horizons or layers. 

A profile of a soil having cyclic horizons exposes layers whose boundaries 
At are near the surface at one point and extend deep into the soil at another. 

one place the aggregate horizon thickness may be only 50 cm; two meters away, the 
same horizons may be more than 125 cm thick. 
considerable variation in both depth and horizontal interval, but still with some 
degree of regularity. 
tvo, some cyclic horizons extend downward in inverted cones. 
lower horizon fits around the cone of the horizon above. 
appear wedge shaped. 

The cycle is repeated, commonly with 

If the soil is visualized in three dimensions instead of 

Other cyclic horizons 
The cone of the 

A profile of a soil having an intermittent horizon shows that the horizon 

The distance between places where the horizon is 

extends horizontally for some distance, ends, and reappears again some distance 
away. 
the A horizon is an example. 

range from less than one meter to several meters. 

A B horizon interrupted at intervals by upward extensions of bedrock into 

.absent is commonly variable yet has some degree of regularity. The distances 

Obviously, a soil profile at one place could be unlike a profile only a few 
meters away for soils with cyclic or intermittent horizons or layers. 
variations of these soils are given in soil descriptions. 

The orderly 
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Descriptions of order ly  horizontal  var ia t ion  within a pedon include the  kind 
of va r i a t ion ,  the  spacing of cycles o r  in te r rupt ions ,  and the  amplitude of depth 
va r i a t ion  of cyc l ic  horizons. 

Depth and Thickness Horizons Layers - 
A descr ip t ion  of a pedon includes the thickness and the  depth l i m i t s  of each 

layer .  
t h a t  has never been sa tura ted  f o r  prolonged periods,  t he  s o i l  sur face  i s  the  top 
of the p a r t  of t he  0 horizon t h a t  has decomposed so much that most of t he  o r ig ina l  
mater ia l  cannot be recognized with the  naked eye. 
horizon t h a t  i s  o r  has been sa tura ted  for prolonged per iods,  t h e  s o i l  surface is 
a t  the  top of t h a t  horizon. 
s o i l .  

Depths a r e  measured from the  s o i l  surface.  For s o i l s  with an 0 horizon 

I f  t he  uppermost l aye r  i s  an 0 

Othervise the s o i l  surface is t he  top of the  mineral 

The depth l i m i t s  of the  deepest horizon o r  layer  described include only t h a t  
p a r t  ac tua l ly  seen. 
if the  01 and 02 horizons a re  not decomposed, a r e  wr i t ten :  01--20 t o  10 cm; 02-10 
t o  0 cm; A--0, t o  5 cm; E--5 t o  25 cm; Bs--25 t o  60 cm; C--60 t o  100 cm. If the  02 
horizon i s  decomposed, t he  depth limits a r e  01-10 t o  0 cm; 02--0 t o  10 cm; A--10 
t o  15 UO; E--15 t o  35 CID; Bs-35 t o  70 CIP; C--70 t o  110 ~ m .  

For example, the  depth limits of a sequence 01-02-A-E-Bs-C, 

The depth t o  a horizon o r  layer  boundary commonly d i f f e r s  v i t h i n  s h o r t  
dis tances ,  even within a pedon. 
common i s  described. 
l i s t e d  and i s  followed by the  values representing t h e  depths t o  t h e  upper and 
lower boundaries, i n  t h a t  order.  
l aye r  i s  the  depth t o  the  upper boundary of the horizon or  l aye r  beneath it. 
va r i a t ion  i n  the  depths of t he  boundaries is recorded i n  the  desc r ip t ion  of the 
horizon o r  layer .  

The p a r t  of the  pedon tha t  i s  t y p i c a l  or most 
In the  s o i l  descr ipt ion,  the  horizon or l aye r  designat ion i s  

The depth t o  the lower boundary of a horizon o r  
The 

In some s o i l s  t h e  var ia t ions  i n  depths t o  boundaries a r e  so complex t h a t  
usual terms fo r  descr ip t ion  of topography of t he  boundary a r e  inadequate.  
va r i a t ions  a r e  described separately.  

The 
i r r e g u l a r i t y  of the lower boundary is  described; this is t h e  same a s  the i r r eg -  
u l a r i t y  of the  upper boundary of the horizon o r  layer  below. 

These 
An example is "depth t o  t h e  lower boundary 

. i s  mainly 30 t o  40 cm, but tongues extend t o  depths of 60 t o  80 an.*' 

The thickness  of each horizon o r  l aye r  is recorded separa te ly .  
i s  the  v e r t i c a l  d i s tance  between the upper and lover boundaries. 
va r i e s  within pedons, and the  va r i a t ion  is shown in the  descr ip t ion .  
a l s o  va r i e s  among pedons, and t h i o  va r i a t ion  is  described f o r  the series. 

The thickness 
Thickness, too,  

Thickness 

Thickness is measured d i r e c t l y ;  it canaot be determined by comparing the  
ranges of depth. t o  t he  upper and lower boundaries. The actual range in thickness 
cannot be dctenaincd unless  it has been measured d i r e c t l y ,  because t h e  extremes of 
depth limits of upper and lower boundaries a r e  commonly i n  d i f f e r e n t  places .  The 
upper boundary of horizon, f o r  example, may range i n  depth from 25 t o  45 cm and 
the  lower boundary from 50 t o  75 em. Taking the  extremes of these  two ranges, the  
conclusion could be t h a t  t he  horizon ranges i n  thickness from as l i t t l e  as 5 an t o  
a s  much as 50 cm within the  series. 
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Boundaries of - Horizons and' - Layers 

A boundary is  a sur face  o r  t r a n s i t i o n a l  layer  between two adjoining horizons 
or  layers .  
of t r ans i t i on  ra ther  than sharp l i n e s  of divis ion.  
the f i e l d .  

I t  i s  roughly p a r a l l e l  t o  the s o i l  surface.  Host boundaries are zones 
Boundaries a r e  determined i n  

Boundaries vary i n  d i s t inc tness  and in topography. Dis t inc tness  r e f e r s  t o  
t h e  ease of determining the  zone within which the  boundary can be loca ted  a t  any. 
leve l  with equal confidence. 
surface t h a t  divides  the  horizons. 

Topography r e f e r s  t o  the  i r r e g u l a r i t i e s  of t he  

Distinctness.--The d i s t inc tness  of a boundary depends p a r t l y  on t h e  degree of 
contrast  between the  adjacent  l aye r s  and p a r t l y  on the  thickness  of t h e  t r a n s i t i o n  
zone between them. Dis t inc tness  i s  defined i n  terms of thickness  of t he  
t r ans i t i on  zone: 

Abrupt: Less than 2 cm th ick  
Clear: , 2  t o  5 cm th i ck  
Gradual: 5 t o  15 cm t h i c k  
Diffuse: Hore than 15 cm th ick  

Abrupt s o i l  boundaries, such a s  those between the  E and B t  horizons i n  many 
s o i l s ,  a r e  e a s i l y  determined. Some boundaries a r e  not  r ead i ly  seen bu t  can be 
located by t e s t ing  the  s o i l  above and below t h e  boundary. Diffuse boundaries, 
such as  those i n  many o ld  s o i l s  i n  t r o p i c a l  a reas ,  a r e  most d i f f i c u l t  t o  l o c a t e  
and require  time-consuming comparisons of small  specimens of s o i l  from var ious  
p a r t s  of the  p r o f i l e  u n t i l  t he  midpoint of t he  t r a n s i t i o n  zone is determined. For 
s o i l s  t ha t  have near ly  uniform proper t ies  o r  t h a t  change very gradual ly  a s  depth 
increases ,  horizon designat ions a r e  imposed more o r  less a r b i t r a r i l y  without c l e a r  
evidence of differences.  

Topography.--Even though s o i l  l aye r s  a r e  commonly seen i n  v e r t i c a l  s ec t ion ,  
they a re  three-dimensional. 
measured i n  centimeters o r  decimeters. 
the following terms: 

Topography of boundaries descr ibes  i r r e g u l a r i t i e s  
Topography of boundaries i s  described with 

Smooth: 
Wavy: 
than they a r e  deep. 
I r regular :  
Broken: 
boundary i s  discontinuous and the  boundary is  interrupted.  

The boundary is  a plane with few o r  no i r r e g u l a r i t i e s .  
The boundary has undulations i n  which depressions are wider 

The boundary has pockets t h a t  a r e  deeper than they  are wide. 
A t  lea-st  one of t h e  horizons o r  l aye r s  separated by t h e  

S o i l  Texture and Rock Fragments 

This sect ion discusses  t h e  sizes of mineral p a r t i c l e s  i n  s o i l s  and 
conventions f o r  expressing combinations of p a r t i c l e s  of t h e  var ious sizes. The 
f i n e r  sizes a r e  ca l led  - f i n e  e a r t h  a s  d i s t i n c t  from rock fragments (pebbles, 
cobbles, s tones,  and b o u l d e r r T h e  f i n e  e a r t h  f r ac t ion  is, s p e c i f i c a l l y ,  t h a t  
p a r t  of the mineral mater ia l  composed of p a r t i c l e s  smaller  than 2 m i n  diameter. 

4-5 1 
(43O-V-SSH, Hay 1981) 



I t  i s  necessary t o  t r e a t  s o i l  m a t e r i a l  smaller than 2 ana separa te ly  from rock 
Par t ic le -s ize  d i s t r ibu t ion  of mater ia l  smaller than 2 llllp is determined fragments. 

i n  the  f i e l d  mainly by f e e l .  The content of p a r t i c l e s  much coarser  than 2 mm 
cannot be determined by manipulating a sample of s o i l  i n  the  hand; therefore ,  the 
composition of the  f i n e  ea r th  is determined by f e e l  and the  content of coarser  
p a r t i c l e s  i s  determined by estimating the  proportion of the  s o i l  volume t h a t  they 
occupy. 

S o i l  separa tes  

S o i l  separates  a r e  the  individual  size groups of mineral p a r t i c l e s .  
Di f fe ren t  d i sc ip l ines  and d i f f e ren t  groups of workers within some d i s c i p l i n e s  use 
d i f f e r e n t  s ize  limits f o r  separat ing p a r t i c l e s  . in to  classes. 
i s  a r b i t r a r y  within some range around various poin ts  on t he  sca l e ,  bu t  
re la t ionships  between a number of propert ies  and p a r t i c l e  size do suggest some 
c r i t i c a l  l i m i t s .  
and t h e  other  proper t ies  of the  s o i l .  

The choice of limits 

Much depends on the  purposes' f o r  which the  data  are. t o  be used 

Host arguments f o r  one set of limits 8s opposed t o  another focus on 
re la t ionships  of p a r t i c l e  size t o  water-holding o r  - t ransmit t ing p rope r t i e s ,  
mineralogy, s u s c e p t i b i l i t y  t o  being transported,  and chemical p rope r t i e s  such a s  
ca t ion  exchange. 
and between 0.001 and 0.002 mm. 
est imates  of tex ture ,  a c l a s s  l i m i t  near 1.0 t o  2.0 mn is a l s o  c r i t i c a l .  

Many workers agree on c r i t i ca l  l i m i t s  between 0.05 and 0.1 rn 
From the  standpoint of sampling 8nd f i e l d  

Figure 4-4 compares the  USDA system used by the National Cooperative S o i l  
Survey, t he  system of t h e  In te rna t iona l  Society of S o i l  Science, t h e  Unified 
system used by many engineers,  and the system used by the American ASSOCi8tiOn of 
S t a t e  Highway and Transportation Of f i c i a l s  (AASIITO). 
various s i z e  c l a s ses  is  not  the  o m  in a l l  of the  systems. ffisunderstanding can 
r e s u l t  i f  users  of one system are not  aware of t he  others .  
standard s ieve  sizes. 

The terminology f o r  t he  

Also rhovn'-are U.S. 

Figure 4-5 i l l u s t r a t e s  the  sizes of p a r t i c l e s  of  separa tes  l a r g e r  than s i l t .  

soil Texture 

the  r e l a t i v e  proportions,  by weight, of each separate  f i n e r .  The texture c l a s ses  
a r e  defined i n  terms of pa r t i c l e - s i ze  d i s t r ibu t ion  of the  mater ia l  f i n e r  than 2 mm 
as  determined i n  the  laboratory,  but  a r e  based on the  d i s t r i b u t i o n  determined f o r  
a l a rge  number of s o i l  samples t h a t  many s o i l  s c i e n t i s t s  had placed i n  the  tex ture  
c l a s ses  on the  bas i s  of f i e l d  techniques. 

S o i l  t ex ture  r e fe r s  t o  the physical composition of 80 i l  defined i n  terms of 
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I .  

Propert ies  r e l a t ed  t o  consistence a r e  the  main c r i t e r i a  f o r  es t imat ing 
pa r t i c l e - s i ze  d i s t r i b u t i o n  i n  the  f i e l d .  No s i n g l e  set  of c h a r a c t e r i s t i c s  
detectable  by handling s o i l  mater ia l  can be used t o  judge pa r t i c l e - s i ze  
d i s t r ibu t ion  of a l l  soils. 

Fie ld  c r i t e r i a  fo r  es t imat ing s o i l  t ex ture  must be chosen t o  f i t  t h e  s o i l s  in 
the  individual a rea .  
and have a g r i t t y  feel t o  the  f ingers .  
not.  
a smooth f e e l  t o  t h e  f ingers  when dry or wet. 
s t icky;  i n  o thers  they a r e  not.  
example, f e e l  percept ibly d i f f e r e n t  from s o i l s  t h a t  contain s imi l a r  amounts of 
micaceous o r  k a o l i n i t i c  clay.  Even loca l ly ,  t he  re la t ionships  t h a t  a r e  useful  f o r  
judging tex ture  of one kind of s o i l  may not  apply as wel l  t o  another kind. 

Sand p a r t i c l e s  can be seen ind iv idua l ly  with t h e  naked eye 
Many sand s o i l s  are loose,  bu t  some a r e  

S i l t  p a r t i c l e s  cannot be seen individual ly  without magnification; they have 
In some places  c lay  s o i l s  a r e  

S o i l s  dominated by montmoril lonit ic c l ays ,  f o r  

The l a t e  Professor  C. F. Shaw worked out  t h e  following d e f i n i t i o n s  of the  
bas ic  s o i l  t e x t u r a l  c lasses  i n  terms of f i e l d  experience and feel. 
included here as an example of t h e  kind of f i e l d  c r i t e r i a  t h a t  can be used 
local ly:  

They a r e  

- Sand: 
r ead i ly  be seen o r  f e l t .  
apa r t  when the  pressure i s  released. 
a ca s t ,  bu t  w i l l  crumble when touched. 

Sand is  loose and s ing le  grained. The individual  gra ins  can 
Squeezed i n  the hand when dry it w i l l  f a l l  

Squeezed when moist, it w i l l  form 

Sandy - loam: 
enough s i l t  and c lay  t o  make it somewhat coherent. 
g ra ins  can readi ly  be seen and felt .  
cast which w i l l  r ead i ly  f a l l  apa r t ,  b u t  i f  squeezed when moist  a c a s t  
can be formed t h a t  wi l1 ,bear  ca re fu l  handling without breaking. 

A sandy loam is  a s o i l  containing much sand but  which has 
The ind iv idua l  sand 

Squeezed when dry,  it w i l l  form a 

- Loam: 
grades of sand and of s i l t  and clay.  
g r i t t y  f e e l ,  y e t  f a i r l y  smooth and s l i g h t l y  p l a s t i c .  
it w i l l  form a cast that  w i l l  bear  c a r e f u l  handling, while the cast 
formed by squeezing t h e  moist soi l  can be handled q u i t e  freely without 
breaking. 

A loam is a s o i l  having a r e l a t i v e l y  even mixture of d i f f e r e n t  
It is  mellow with a somewhat 

Squeezed when dry,  

-- S i l t  loam: 
grades of sand and only a small amount of c lay ,  over half of the  
p a r t i c l e s  being of the size ca l led  "silt." When dry it may appear 
cloddy b u t  the  lumps can be readi ly  broken, and when pulver ized it f e e l s  
s o f t  and f loury.  
E i the r  d ry  o r  moist it w i l l  form c a s t s  t h a t  can be f r e e l y  handled 
without breakfng, but  when moistened and squeezed between thumb and 
f inge r  it w i l l  not  "ribbon" but  w i l l  g ive  a broken appearance. 

Clay loam: 
i n t o  clods o r  lumps t h a t  a r e  hard when dry. 
pinched between the  thumb and f inge r  it w i l l  form 8 t h i n  "ribbon" which 
w i l l  break readi ly ,  barely sus ta in ing  i ts  OM weight. 
p l a s t i c  and w i l l  form a c a s t  t h a t  w i l l  bear  much handling. 
i n  the  hand it  does not  crumble r ead i ly  but  tends t o  work i n t o  a heavy 
compact mass. 

A si l t  loam is a s o i l  having a moderate amouut of t h e  f i n e  

When wet the  s o i l  r ead i ly  runs together  and puddles. 

A c lay  loam i s  a fine textured soil  which usua l ly  breaks 
When t he  moist  s o i l  i s  

The moist  s o i l  i s  
When kneaded 
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Clay: A c lay  i s  a f i n e  textured s o i l  t h a t  usual ly  forms very hard lumps 
or clods when dry and i s  qu i t e  p l a s t i c  and usual ly  sticky when wet. 

.When the moist s o i l  i s  pinched ou t  between the thumb and f ingers  it w i l l  
form a long, f l e x i b l e  "ribbon." 

F ie ld  estimates a r e  subjec t  t o  e r ro r .  They need t o  be checked against  
laboratory determinations of p a r t i c l e - s i z e  d i s t r i b u t i o n ,  and the  f i e l d  c r i t e r i a  
should be adjusted a s  necessary. 
es t imate  tex ture  with g rea t e r  prec is ion  than is  j u s t i f i e d  by the  r e l i a b i l i t y  of 
f i e l d  estimates.  
s i l t  loam is  f u t i l e  i f  the  t ex tu res  of t he  samples a r e  near t h e  boundary between 
the  c lasses .  

The s o i l  s c i e n t i s t  should not  attempt t o  

For most s o i l s ,  f o r  example, attempting t o  d is t inguish  loam from 

Some s o i l s  a r e  not  dispersed completely by standard pa r t i c l e - s i ze  analysis .  
These s o i l s  generally contain amorphous material, but  some a r e  s t rongly weathered 
and contain large amounts of hydrated oxides. 
determined i n  the laboratory by e i t h e r  o p t i c a l  methods or surface area measurement 
a s  determined by 1,500-kPa water content.  
not  re levant ,  but apparent f i e l d  t ex tu re  is important l o c a l l y  f o r  d i s t inguish ing  
between s o i l s .  
is compared a r e  recorded. 

Degree of dispers ion can be 

The ac tua l  t ex tu re  of these s o i l s  i s  

I f  apparent f i e l d  tex ture  is used, the standards against  which it 

Texture,  by i t s e l f  without q u a l i f i c a t i o n  i n  terms of o the r  s o i l  p roper t ies ,  
has l imited value f o r  pred ic t ing  the  behavior of t he  s o i l .  
t ex ture  was once mainly proper t ies  of physical  behavior, and pa r t i c l e - s i ze  
analyses were performed t o  determine what p a r t i c l e  sizes were associated with 
given physical p roper t ies .  
which f i e l d  estimates a r e  measured. 
s o i l  i n  the humid t rop ic s  and J clay-textured horizon of a s o i l  i n  temperate 
regions have s imi la r  pa r t i c l e - s i ze  d i s t r i b u t i o n ;  but  the one may be s l i g h t l y  
p l a s t i c  and rapidly permeable and the  o the r  very p l a s t i c  and slowly permeable. 
t he  cqarse extreme of t he  pa r t i c l e - s i ze  d i s t r i b u t i o n  range i s  approached, tex ture  
assumes predic t ive  value f o r  o ther  physical  p roper t ies .  
the  kind of c lay is more important than the  amount of c l ay  as such. 
area where the  range i n  kind of c lay  is small, t ex tu re  is  very usefu l  f o r  
character iz ing s o i l s .  
p red ic t ing  the  re la ted  physical  p roper t ies  of associated r o i l s .  

t ex tures  i n  order of genera l ly  increasing proport ions of f i n e r  p a r t i c l e s  a re  sand, 
loamy sand, sandy'loam, loam, g/ s i l t  loam, s i l t ,  sandy c lay  loam, c l ay  loam, 
s i l t y  c lay loam, sandy c lay ,  s i l t y  c lay,  and clay.  The c l a s ses  of sand are coarse 
sand, sand, f i n e  sand, and very f i n e  sand; no modifier is  used for  medium sand. 
Classes of loamy shnds and srndy l o a m  a r e  Eumed rimihrlp,  loamy sand and sandy 
loam being the equivalents  of loamy medium r rnd  and medium sandy loam. 

The standard of f i e l d  

Now par t i c l e - s i ze  d i s t r i b u t i o n  i s  t h e  standard aga ins t  
This means that a clay-textured horizon of a 

A s  

Near the  f i n e  extreme, 
Within an 

Texture changes l i t t l e  wi th  time and is valuable fo r  

Few, i f  any, s o i l s  cons i s t  wholly of p a r t i c l e s  of one size c lass .  The bas ic  

Defini t ions of t he  bas i c  c l a s ses  are set f o r t h  in graphic form i n  f igure  4-6 
i n  terms of the USDA pa r t i c l e - s i ze  classes. 
f requent ly  t r a n s l a t e  laboratory data  i n t o  s o i l  texture. 

This t r i a n g l e  i s  useful  f o r  those who 

Defini t ions of the s o i l  t ex tu re  c l a s ses  according t o  d i s t r i b u t i o n  of s i z e  
c lasses  of mineral p a r t i c l e s  less than 2 mn i n  diameter a r e  a s  follows: 

Sands: 
percentage of c lay is 15 o r  less. 

85 percent o r  more sand and the  percentage of s i l t  p lus  1# times the  
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Coarse sand: 
than 50 percent  any o ther  s i n g l e  grade of sand. 

25 percent  or more very coarse  and coarse  sand and less -- 
Sand: 
than 25 percent  very coarse and c'oarse 'sand) and less than SO percent  
e i t h e r  f i n e  sand or  very  f i n e  sand. 

25 percent  or more very  coarse ,  coarse ,  and medium sand (but  less - 

Fine  sand: 
coarse ,  coarse ,  and medium sand and less than  SO p e r c e n t  very f i n e  sand. 

50 percent  or more f i n e  sand; o r  less t h a n  25 p e r c e n t  very  -- - 
Very f i n e  sand: 50 percent  o r  more very f i n e  sand. -- 

Loamy sands: 
s i l t  p l u s  1# times t h e  percentage of c l a y  i s  15 o r  more; a t  t h e  lower l i m i t  
70 t o  85 percent  sand and t h e  percentage of s i l t  p l u s  twice t h e  percentage of 
c lay  i s  30 o r  less. 

A t  t h e  upper l i m i t  85 t o  90 p e r c e n t  sand and t h e  percentage of 

Loamy coarse sand: 25 percent  o r  more very c o a r s e  and coarse  sand and 
less than SO percent  any o t h e r  s i n g l e  grade of sand. 

Loam e: T-9 b u t  less than 25 percent  very c o a r s e  and c o a r s e  sand) and less t h a n  50 
percent  e i t h e r  f i n e  sand or  very f i n e  sand. 

-- 
25 percent  o r  more very c o a r s e ,  c o a r s e ,  and medium sand 

Loamy f i n e  sand: 50 percent  o r  more f i n e  sand; o r  less than  50 p e r c e n t  
very  f i n e  sand and less than 25 percent  v e r y  c o a r s e ,  coarse ,  and medium 
sand. 

-- 

Loamy very  f i n e  sand: 50 percent  or more very f i n e  sand. 

Sandy loams: 20 percent  o r  less c l a y  and 52 p e r c e n t  or 'more  sand and t h e  
percentage of s i l t  p lus  t v i c c  t h e  percentage of c l a y  exceeds 30; o r  less t h a n  
7 p e r c e n t  c l a y ,  less than 50 percent  s i l t ,  and between 43 and 52 p e r c e n t  
sand. 

Coarse sandy loam: 
less than  50 percent  any o t h e r  s i n g l e  grade  of sand. 

25 percent  o r  more v e r y  coarse  and coarse sand and 

Sandy loam: 
( b u t  less than 25 percent  very  coarse  and c o a r s e  sand) and less  t h a n  30 
p e r c e n t  e i t h e r  f i n e  sand o r  very f i n e  sand. 

30 percent  or more very coarse ,  coarse ,  and medium sand 

Fine  sandy loam: 
very  f i n e  sand; o r  betveen 15 and 30 p e r c e n t  very coarse ,  coarse ,  and 
medium sand; o r  more than 40 p e r c e n t  f ine and v e r y  f i n e  sand, a t  l e a s t  
h a l f  of which i s  f ine sand, and less t h a n  15 p e r c e n t  very c o a r s e ,  
coarse ,  and medium sand. 

30 percent  or more f i n e  sand and less t h a n  30 p e r c e n t  - 

Very f i n e  sandy loam: 
40 percent  f i n e  and very f i n e  sand, a t  l e a s t  h a l f  of which i s  very f i n e  
sand,  and less than 15 percent  very c o a r s e ,  c o a r s e ,  and medium sand. 

7 t o  27 percent  c lay ,  28 t o  50 p e r c e n t  s i l t ,  and less than  52 p e r c e n t  

30 percent  o r  more v e r y  f i n e  sand; or more than  - 

- Loam: 
sand. 
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S i l t  loam: 
percent silt and less than 12 percent clay.  

50 percent or more s i l t  and 12 t o  27 percent clay; or 5 0  t o  80 -- 
- S i l t :  

Sandy clay loam: 20 t o  35 percent c lay ,  less than 28 percent s i l t ,  and 45 
percent o r  more sand. 

Clay loam: 

S i l t y  c lay loam: 
sand. 

80 percent o r  more sil t  and less than 12 percent clay.  

27 t o  40 percent  c lay  and 20 t o  45 percent sand. 

27 t o  40 percent  c lay  and less than 20 percent 

Sandy clay: 35 percent o r  more clay and 45 percent o r  more sand. 

S i l t y  clay: 

Clay: 
percent si 1 t . 
Necessarily these verbal  d e f i n i t i o n s  are somewhat complicated. 

40 percent o r  more clay and 40 percent o t  more s i l t .  
* 

40 percent o r  more c lay ,  less than 45 percent sand, and less than 40 

The t ex tu re  
t r i ang le  i s  used t o  resolve problems r e l a t ed  t o  word def in i t ions .  
d i s t i nc t ions  i n  the sand and loamy sand groups provide refinement g r e a t e r  than can 
be cons is ten t ly  determined by f i e l d  techniques. 
s ign i f i can t  t o  use and management and can be cons is ten t ly  made i n  t h e  f i e l d  should 
be applied. 

texture  of t h e  s o i l  l aye r s  r e s u l t s  i n  a l a rge  number of c lasses  of s o i l  t ex ture .  

An out l ine  of s o i l  t ex tu re  groups, i n  th ree  c lasses  and i n  f ive ,  fo l lovs .  
areas where s o i l s  a r e  high in sil t ,  a four th  general  class, s i l t y  s o i l s ,  may be 
used for silt and s i l t . l oam.  

The e i g h t  

Only those d i s t inc t ions  t h a t  are 

Groupings of soil t ex tu re  c lasses .  The need f o r  f ine  d i s t inc t ions  i n  t h e  

Often it i s  convenient t o  speak general ly  of broad groups o r  classes of t ex tu re .  P In some 

General terms 14/ Texture c lasses  

Sandy s o i l s :  

Coarse textured.. ..................... .Sands (coarse sand, sand, 
f i n e  sand, very fine sand) ,  
loamy sands (loamy coarse 
sand, loamy sand, loamy f i n e  
sand, loamy very f i n e  sand) 

Loamy s o i l s :  
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Hoderatelp coarse textured ............. Coarse sandy loam, sandy 

Hedium textured ........................ Very f ine  sandy loam, loam, 

Uoderately fine textured ............... Clay loam, sandy c l ay  loam, 

loam, f i n e  sandy loam 

s i l t  loam, s i l t  

s i l t y  clay loam 



Clayey s o i l s :  

Fine textured .......... ;...............Sandy c lay ,  s i l t y  c lay ,  
c l ay  

Organic So i l s  

The terms.@, muck, - and mucky pea t  a r e  used f o r  organic mater ia l s  i n  a 
manner s imi l a r  t o  the  way i n  which mineral t e x t u r a l  terms are used. 
well-decomposed organic s o i l  material. 
i n  which the  o r ig ina l  f i b e r s  c o n s t i t u t e  almost a11 of the material. 
mater ia l  intermediate between muck and peat .  

i s  

Hucky pea t  is 
is rav  undecomposed organic mater ia l  

Mucky i s  used t o  modify mineral  s o i l  t ex ture .  The term implies t h e  presence 

The material  does not ,  
h c k y  mater ia l  i s  usua l ly  dark,  

of enough organic matter t h a t  the  mater ia l  has some proper t ies  of organic s o i l  
combined with the proper t ies  of t h e  mineral mater ia l .  
however, have enough organic mat ter  t o  be "muck." 
f r i a b l e ,  and re ten t ive  of moisture, bu t  it i s  mineral i n  bas ic  composition. 
organic matter content i s  comonly more than 10 percent.  

The 
. 

Although nearly pure organic and mineral materials are sharply cont ras t ing ,  a 
range of mixtures of t he  two is found id  nature.  b y e r r  that  a r e  never sa tura ted  
with water f o r  more than a few days a t  a time are organic i f  they have 20 percent  
o r  more organic carbon. 
before being drained, are organic i f  they have 12 percent  or more organic  carbon 
and no c lay  o r  a proportional amount of organic carbon between 12 and 18 percent  
i f  the c lay  content is between 0 and 60 percent. 

Layers that are sa tura ted  f o r  longer per iods,  o r  were 

The kind and amount of c l ay  in t h e  mineral f r a c t i o n ,  the kind of organism 
from which the  organic mater ia l  was derived, and the amount and s a t e  of 
decomposition a f f e c t  the  proper t ies  of the s o i l  material. 

Descriptions of organic l aye r s  include the kinds of organic' mater ia l  and 
t h e i r  proportions. 
occupied by Sphagnum f i b e r s ,  which have ex t r ao rd iMry  ua te r  re ten t ion  
charac te r i s t ics .  When squeezed f i d y  i n  the hand t o  r o o v e  as much water as 
possible ,  Sphagnum f i b e r s  are l i g h t e r  in color than fibers of Hypnum and most 
o ther  mosses. 

Special  e f f o r t  is  made t o  i d e n t i f y  and estimate the volume 

In addi t ion,  descr ip t ions  include the  percentage of undecomposed f i b e r s  and 
the  s o l u b i l i t y  i n  sodium pyrophosphate of the humified material (Chapter 8). 

Fragments of wood more than 2 cm across  and so undecompored t h a t  they cannot 
be crushed by the  f ingers  vhen moist o r  wet a r e  c a l l e d  "wood fragments." 
comparable t o  rock fragments i n  mineral s o i l s  and are described in a comparable 
manner. 

They are 

Rock - Fragments 

Rock fragments are unattached p ieces  of rock 2 m in diameter or  l a r g e r .  
Rock fragments influence moisture s torage,  i n f i l t r a t i o n ,  runoff,  and land use. 
They p ro tec t  f i n e  pa r t i c l e s . f rom washing and blowing. 
s o i l  mater ia l  t h a t  roots  can penet ra te  and t h a t  provides nu t r i en t s  t o  p l an t s .  

They d i l u t e  the  volume of 
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'Rock fragments do not break down a f t e r  overnight shaking i n  a weak so lu t ion  
of sodium hexametaphosphate. . 

Rock fragments a r e  described i n  terms tha t  character ize  t h e i r  s i z e  and shape 
and, f o r  some, t he  kind of rock. 
chamers ,  f lags tones ,  s tones ,  and boulders. The terms a re  defined in t a b l e  4-3 
according t o  t h e i r  shape and s ize  limits. 
predominates, it is s ta ted :  " f ine  pebbles," "cobbles 10 t o  15 cm i n  diameter," 
"channers 25 t o  SO m long." Boulders a r e  more than 60 am and mostly less than 
3 m i n  diameter bu t  include la rge  g l a c i a l  e r r a t i c s  10 m o r  more long. 

Gravel - i s  J c o l l e c t i o n  of pebbles, a s  i n  "outvash gravel." 

There are several  classes:  pebbles, cobbles, 

I f  a s i z e  o r  range of sizes 

A oingle  piece, is 
a pebble. 
subrounded fragments bu t  can be used t o  describe angular fragments i f  they ore not 
f l a t .  

The terms "pebble" and "cobble" are usually r e s t r i c t e d  t o  rounded o r  

Words l i k e  c h e r t ,  s l a t e ,  a n d ; r b f d r e f e r  t o  a kind of rock, no t  a p iece  of 
rock. 
fragments can be given: 

I f  s i g n i f i c a n t  t o  c l a s s i f i c a t i o n  or  in te rpre ta t ion ,  t h e  composition of the  
"chert  pebbles ," "limestone charmers." 

Host of t h e  size l i m i t s  of the  various classes  conform t o  e s t ab l i shed  
conventions. 
The 76-am upper limit of grave l  is about . the  size of the 3-inch sieve (7.6 rm) 
used by many engineers a s  the upper l i m i t  o f  the bare on which percentages of 
p a r t i c l e s  of d i f f e r e n t  sizes (grain-size d i s t r ibu t ion )  are based. 
20-mm div is ions  sepa ra t ing  f i n e ,  medium, and coarse gravel a r e  about the r i tes  of 
openings i n  the  "number 4" screen (4.76 m) and the "3/4 inch" 8creen (19.05 m) 
used i n  engineering t o  separa te  f r ac t ions  of rock fragments. 
corresponds approximately t o  the  10-inch limit that has been used conventionally 
t o  separate  cobbles from stones.  

t h in ,  f l a t  shape t o  volume, compared t o  roughly rpbe r i c r l  fragment#, and the 
differences of l i m i t a t i o n  f o r  use imposed by di f fe ren t  shapes of fragments. 

The 2-IUD lower limit of rock fragments is the  upper l i m i t  of sand. 

The 5-pa and 

The 250- limit 

The limits f o r  f l a t  fragments, 150 = and 380 
m, follow conventions used f o r  many pears t o  r d j u r t  f o r  t h e  r e l a t ionsh ips  of Crr 

Rock fragments i n  t h e  s o i l  

The volume of rock fragments is estimated in the f i e l d .  The ad jec t ive  form 
of a c l a s s  name of rock fragments (Table 4-3)  i s  used a8 a modifier of the 
t ex tu ra l  c l a s s  name: 
used : 

"gravelly loam," "stony loam." The following classes are 

Less than  15 percent & voluw: 
"nongravelly" and "nonstony" are used in writ ing fo r  con t r a s t  wi th  s o i l s  

No i pcc i a l  tern i r  used; or --- 
having more than U percent pebbles, cobbles, s tones,  or boulders. 

15 t o  35 percent b~ volume: 
rock fragmtnt is used a s  a modifier of the t ex tu ra l  term: "gravelly 
loam," "stony loam," "bouldery loam." 

The adject ive tern of the dominant kind of --- 

35 t o  60 percent  bn volume: 
rock fragment is used with the  word "very" 8P a modifier of t h e  t e x t u r a l  

The adject ive tern of the  dominant kind of --- 
term: "very grave l ly  loam," "very bouldery loam." 
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nore than 60 percent by volume: 
determine the tex ture  cli-pproximately 5 percent  o r  more by volume) 
the  ad jec t ive  term of the  dominant kind of rock fragment i s  used w i t h  
the  word "extremely" a s  a modifier of t h e  t e x t u r a l  term? 
gravel ly  loam," "extremely bouldery loam." 
ea r th  t o  determine t h e  t ex tu re  c l a s s  (less than about 5 percent  by 
volume) the  terms "gravel ," "cobbles ,'* "stones ,** and "boulders" a r e  used 
i n  the  place of f i n e  e a r t h  tex ture .  

I f  enough f i n e  e a r t h  is present  t o  --- 

"extremely 
If the re  i s  too  l i t t l e  f i n e  

The c lass  l i m i t s  apply t o  the  volume of the l a y e r  occupied by a l l  pieces  of 
rock la rger  than 2 mm. 
and the s i z e  c l a s s  t h a t  makes up t h e  g r e a t e s t  volume is  used as t he  modifier.  
Usually the s o i l  a l s o  contains fragments smaller o r  l a r g e r  than those i d e n t i f i e d  
i n  the  term. For example, a stony loam usual ly  conta ins  pebbles,  bu t  "gravelly" 
i s  not mentioned i n  the  name. 
boulders, does not  imply t h a t  the pieces  a r e  e n t i r e l y  within a given s o i l  l ayer .  
A s ingle  boulder may extend through severa l  layers. 

Total volume of rock fragments i n  each l aye r  is  estimated, 

Use of a t e r m  f o r  l a r g e r  p ieces  of rock, such a s  

Hore prec ise  estimates of t he  amounts of rock fragments than are provided by 
the  defined c lasses  a r e  needed f o r  some purposes. 
i s  needed, estimates of percentages of each size c l a s s  or  a combination of s i z e  
c lasses  a r e  included i n  the  descr ipt ion:  .''very cobbly loam; 5 percent  s tones,  30 
percent cobbles, and 15 percent gravel" or  "silt loam; about 10 percent  gravel." 

are bases of phase d i s t inc t ions  among map units (Chapter 5). 
(p.4-9) i s  not s o i l  and is  separa te ly  i d e n t i f i e d  i n  mapping. 

If the more p rec i se  information 

If loose pieces of rock are s i g n i f i c a n t  i n  use and management of a s o i l ,  they  
Exposed bedrock 

The volume occupied by individual  p ieces  of rock can be seen and t h e i r  
aggregate volume percentage can be calculated.  
percentage mus t  be converted t o  weight percentage; procedures a r e  given i n  

For some purposes, volume 

Chapter 8. 

Rock fragments on the  sur face  

Rock fragments g&'m*- of 8 r o i l ,  inc luding  both those tha t ' l i e  on t h e  
surface and those t h a t  are p a r t l y  wi th in  t h e  r o i l  bu t  pro t rude  above ground, g/ 
have important e f f e c t s  on s o i l  use and management. 
are re la ted  t o  t h e i r  number, size, and spacing a t  t h e  surface. 

The l i m i t a t i o n s  they  impose 

The c l a s s  limits t h a t  follow are given i n  terms of the approximate amount of 
stones and boulders a t  the surface.  

Class 1: 
surface.  
of the  smallest  sizes a r e  a t  l e a s t  60 m apa r t .  

Any stones or  boulders cover less than  0.01 percent  of t he  
Stones of the smal les t  sizes are a t  least 25 apa r t ;  boulders 

Class .  2: 
surface.  
boulders of t h e  smallest sizes are  no less than  20 I a p a r t  (Figure 4-7 ) .  

Stones o r  boulders cover about 0.01 t o  0.1 percent  of the 
Stones of t h e  rmallcst sizes are no less than 8 apar t ;  

Class 3: 
surface.  
(Figure 4 - 8 ) ;  boulders of t he  smal les t  size are no less than 3 m apa r t  
(Figure 4 - 9 ) .  

Stones or boulders cover about 0.1 t o  3 percent  of the 
Stones of the  smal les t  sizes a r e  no less than 1 m apar t  
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Class 4: 
Stones of the  smal les t  size a re  a s  l i t t l e  a s  0.5 m apa r t ;  boulders of 
t he  smallest s i z e  a r e  a s  l i t t l e  a s  1 apart .  

Class 5 :  Stones or boulders cover about 15 t o  SO percent  of the surface 
and a r e  so c lose ly  spaced t h a t  i n  most places it i s  poss ib l e  t o  s t e p  
from stone t o  s tone or jump from boulder t o  boulder without touching t h e  
s o i l  (Figure 4-10). 
apa r t ;  boulders of t he  smallest  s i t e  a r e  a s  l i t t l e  a s  0.2 m apa r t .  

Class 6 :  
more than 50 percent  of the surface.  
a r e  measured i n  centimeters or decimeters i n  most places .  C las s i f i ab le  
s o i l  i s  among the  rubble,  and p lan ts  can grov i f  moisture and nu t r i en t s  
ar,e ava i lab le .  

Stones or boulders cover about 3 t o  15 percent  of the  s u r f a c e .  

Stones of the smallest  s i z e  are a s  l i t t l e  as 0.1 m 

Stones o r  boulders appear t o  be nearly continuous and cover 
The d is tances  between fragments 

Class 7: 
and so l i t t l e  ear thy  mater ia l  i s  between the  s tones o r  boulders t h a t  feu 
p l an t s  o tbe r  than  l ichens can grow even though o ther  f a c t o r s  are 
favorable.  
"rubble land. 'I 

Stones o r  boulders cover more than 50 percent  of t h e  sur face ,  

The depos i t s  are not  c l a s s i f i a b l e  a s  s o i l  and are mapped a s  

These limits a r e  intended only as guides t o  amounts t h a t  may mark c r i t i c a l  
The c lasses  a r e  used i n  wr i t i ng  about l imi ta t ions  f o r  major kinds of land use. 

s o i l s  and i n  conversation t o  convey concepts of t he  surface condi t ion  of a reas  of 
s o i l .  
and boulders i n  each. 

Table 4-4 is a sumnary of the  c lasses  and a guide t o  t h e  amount of s tones 

S o i l  Color -0 
Color is t he  most obvious of s o i l  p roper t ies ,  and i t  is e a s i l y  determined. 

Except fo r  t he  e f f e c t  of co lor  on absorption of heat a t  the  sur face ,  it has l i t t l e  
known d i r e c t  inf luence on the  functioning of the  s o i l .  S t i l l ,  co lo r  i s  one of the  
most useful  proper t ies  f o r  s o i l  i den t i f i ca t ion  and appra isa l ,  Plainly because 
other ,  more important c h a r a c t e r i s t i c s  that are not so e a s i l y  and accura te ly  
observed can be in fe r r ed  from it. 

Significance of Color 

Within a l imi ted  a rea ,  co lor  can be r e l i ab ly  associated with important s o i l  
Color of t h e  sur face  layer ,  f o r  exsmple, may be used t o  judge the 

Color is a clue t o  wetness or drought iness  in some 
proper t ies .  
content of organic matter. 
areas .  
misuse  of the  s o i l .  
rock. 
appraising t h e i r  p roper t ies .  Yet, when attempts a r e  made t o  r e l a t e  s o i l  color  t o  
spec i f i c  proper t ies ,  any r e l a t ionsh ip  considered universal  has so many exceptions 
and such complicated q u a l i f i c a t i o n s  t h a t  t h e  general izat ion i tself  becomes 
obscure. 

It  may be a mark of the effects of g a s t  vegetat ion or of man's use or 
Some s o i l s  exh ib i t  color  d i r e c t l y  inhe r i t ed  from the  parent 

These and other r e l a t ionsh ips  a r e  c lues  f o r  i den t i fy ing  soi ls  and 

Hany l o c a l  r e l a t ionsh ips  a r e  &own only empir ical ly .  
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The importance of s o i l  color i s  g rea t e s t  within a l o c a l  se t  of 
microenvironments. 
can serve a s  a bas i s  f o r  i n t e rp re t ing  color .  
observed repeatedly a r e  noted. 
f o r  the loca l  area.  
propert ies ,  o r  fo r  t he  exceptions,  may o r  may not  be known, but  they a r e  
associated with spec i f i c  mater ia l s  o r  s p e c i f i c  environments. 
s o i l  color i s  important. 
same color means d i f f e r e n t  things i n  d i f f e r e n t  p laces  outs ide the area  i s  not  of 
spec ia l  concern. 
mind. 

Some common re la t ionships  of color  t o  o ther  s o i l  p roper t ies  
Relationships of co lor  t h a t  a r e  

The exceptions t o  common(re1ationships are learned 
The reasons f o r  re la t ionships  of s o i l  color  t o  o the r  

I n  t h i s  perspect ive,  
When applying l o c a l  re la t ionships ,  t he  f a c t  t h a t  t he  

0 
But the p o s s i b i l i t y  of  p o t e n t i a l  exceptions should be kept i n  

Comonly, dark colors  suggest more organic aat ter  than l i g h t  colors .  The 
relat ionships  may be qu i t e  good loca l ly ,  bu t  exceptions must be understood. 
Humified organic mater ia l  is  commonly dark; however, rav organic mater ia l  such a s  
peat i s  not necessar i ly  dark. 
a r e  high i n  organic matter a r e  commonly less dark than s o i l s  i n  cool  regions 
having s imi la r  amounts of organic matter. Yet i n  places  i n  warm regions,  black o r  
nearly black clayey s o i l s  have less than 2 percent  organic matter, and these  may 
be next t o  much l i g h t e r  colored s o i l s  t h a t  have two o r  th ree  times as much organic 
matter. Some s o i l s  are near ly  black because of organic coatings on peds, and when 
the  s o i l  is  crushed it appears significantly l i g h t e r .  In o the r  soilr, the organic  
matter i s  disseminated throughout the  peds. 
by i l l u v i a t i o n  is l i g h t  colored. 

Where mean annual temperature is  high, s o i l s  t h a t  

I n  some s o i l s  organic mater ia l  moved 

Light gray o r  grayish colors  i n  s o i l s  commonly ind ica te  reducing condi t ions,  
e i t h e r  now o r  i n  the  pas t .  They may be evidence of reduced i ron ,  or they  may be 
the  colors  of primary mineral grain8 r t r ipped  of i r o n  8t  some p a s t  t i m e  when t h e  
i ron  was i n  the  reduced s t a t e .  Gray o r  grayish co lo r s  i nd ica t e  gleying, bu t  no t  
without qua l i f ica t ions .  
gray or  grayish and remain so even under oxid i t ing 'condi t ions .  

Some materials ,  p a r t i c u l a r l y  carbonat ic  material, a r e  

In  some environments yellowish o r  reddish mott les  ind ica te  a l t e r n a t i n g  
oxidizing and reducing conditions. 
concentrations of material of which i r o n  is  one of the most important components. 
Segregations of i ron  a r e  not  necessar i ly  the r e s u l t  of reduction and oxidat ion in 
associat ion with a f luc tua t ing  water tab le .  
d i f f e r e n t i a l  weathering of the parent  material ins tead  of impeded d r a h g e ;  such 
s o i l s  a r e  usual ly  described as "variegated." 

Yellowish and reddish mottles are 

nixed s o i l  co lors  can r e s u l t  from 

Reddish and yellowish co lors  can be a t t r i b u t e d  t o  i r o n  in i t a  various forms. 
The re la t ionship  between color  and i r o n  compounds i n  s o i l  is complex. 
depends on the thickness  of t h e  coatings,  c r y s t d l i n i t y ,  age, and other f ac to r s .  
No general izat ion r e l a t i n g  co lor  t o  s p e c i f i c  compounds of i r o n  app l i e s  everywhere, 
but within a loca l  a rea ,  reddish and yellowish co lo r s  can be r e l a t ed  t o  d i f f e r e n t  
parent mater ia l s ,  d i f f e r e n t  pos i t ions  i n  the hndscape ,  and other f a c t o r s ;  and the 
d i f f e ren t ly  colored s o i l s  may behave d i f f e r e n t l y  i n  use. 

Color 

Color i r  one of t h e  most useful  c r i t e r i a  f o r  recognizing coat ings,  o r  t h e  
lack of them, on peds. 
a r e  e a s i l y  recognized, though proof t h a t  t h e  coat ings are c l ay  depends on o the r  
propert ies .  
the  res idua l  minerals,  such as quartz.  Some E horizons a r e  d i f f i c u l t  t o  d e t e c t  
because they a r e  not  l i g h t  colored. 

I f  c lay coats  d i f f e r  in co lo r  from i n t e r i o r s  of  peds, they 

Host E horizons lack  coat ings 8nd therefore  have t h e  l i g h t  co lo r  of 
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Many bodies of segregated mater ia l  have colors t h a t  make them easy t o  see. 
Bodies i n  which i ron  is segregated commonly a r e  brown, reddish,  o r  yellowish, but 
some are near ly  black. 
Coatings of compounds of i r o n  and manganese on peds a r e  dark and can be mistaken 
f o r  organic matter.  
may be obvious because of t h e i r  l i g h t  color.  

Uanganese segregations a r e  near ly  black i n  most s o i l s .  

Segregated mater ia ls  such as  carbonates or more so luble  salts 

Color is r e l a t ed  t o  reac t ion  i n  some s o i l s ,  but  the  r e l a t ionsh ip  is t o  other  
proper t ies  rather than d i r ec t .  Under highly a lka l ine  conditions,  f o r  example, the 
dark f r a c t i o n  of organic mat ter  goes i n t o  so lu t ion  and dark coat ings cover mineral 
gra ins  below the  common depth of organic matter d i s t r ibu t ion .  

The number of s o i l  p roper t ies  t h a t  a r e  indicated by co lo r  or t h a t  are e a s i l y  
dis t inguished because of co lor  differences within t h e  s o i l  is l a rge .  Many of t h e  
re la t ionships  a r e  based on empirical  cor re la t ions ,  most of which a r e  most usefu l  
when applied within the  perspect ive of soils and environments i n  a small area ,  
such a s  a county o r  p a r t  of a county. 

Determining So i l  Color 

S o i l  color  i s  measured by comparison with a standard co lor  chart. The most 
commonly used char t  is taken from the  ffunsell co lor  system and includes only t h a t  
p a r t  needed f o r  s o i l  colors ,  about one f i . f th  of t h e  e n t i r e  range of hue. 16/ The 
standard Uunsell cha r t  f o r  s o i l  color cons is t s  of about 175 d i f f e r e n t  colored 
papers, or chips,  systematical ly  arranged according t o  t h e i r  Hunsell nota t ions ,  on 
seven cards t h a t  are assembled i n  a loose-leaf notebook. 
two f o r  t he  reddest hues of s o i l s  and one f o r  the  blueish and greenish hues of 
gleyed s o i l s ,  a r e  a l s o  avai lable .  
co lor  chips  on a nunsell color  card. 

Three add i t iona l  cards, 

Figure 4-11 i l lust rates  the arrangement of 

Munsell color  standards.--The ffunsell color  system uses t h r e e  elements of A 

color--&, value,  and chroma-to make up a spec i f i c  co lor  notat ion.  
i s  recorded i n  the  form: 
a t t r i b u t e s  of color a r e  arranged i n  the  system in  order ly  scales of equal  v i sua l  
s t eps ,  which are used t o  measure and descr ibe color accura te ly  under s tandard 
condi t ions of i l luminat ion.  

The notat ion 
hue, v8lue/chroa1a--for example, SY 6/3. The t h r e e  

Hue i d e n t i f i e s  t h e  q u a l i t y  of color reg is te red  by the eye as r e l a t e d  t o  the  
wavelength of the  l i g h t  t h a t  reaches the  eye. The Hunsell system is based on f i v e  
p r inc ipa l  hues: red (R), yellow (Y), green (G), blue (B), and purple  (P). Five , 

intermediate  hues represent ing midpoints between c rch  p a i r  of p r i n c i p a l  hues 
complete the  10 major hue names used t o  descr ibe the notation. 
hues a r e  yellow-red (YR) , green-yellow (a), blue-green (BG) , purple-blue (PB) , 
and red-purple (RP). 
diagramatical ly  i n  f igu re  4-12. 
i n t o  four  segments of equal v i sua l  s teps ,  x/ which are designated by numerical 
values applied a s  p re f ixes  t o  t he  symbol f o r  hue MW. In f i g u r e  1-12, f o r  
example, 10R marks a limit of red hue. 
yellow-red (YR) hue are i den t i f i ed  8s Z.SYR, SYR, 7.5YR, and lOYR respec t ive ly .  
Each of these  c l a s ses  of hue has a narrow range of the wavelength of l i g h t .  
standard cha r t  f o r  s o i l  has cards  from 10R through SY hue, a to ta l  of seven cards.  

The intermediate  

The re la t ionships  among these 10 hues are shown 
For use, each of the 10 major hues is divided 

Four equal ly  spaced s t e p s  of t h e  adjacent 

The 

Value ind ica t e s  t h e  degree of l igh tness  o r  darkness of  a c o l o r  i n  r e l a t i o n  t o  - 
a . n e u t r a l  gray sca le .  
pure black ( O / )  t o  pure white ( lo / ) .  

On a neut ra l  gray (achromatic) s c a l e ,  va lue  extends from 
Hue is  a measure of t he  chromatic 
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composition of l i g h t  t h a t  reaches the  eye, and the  value nota t ion  i s  a measure of 
the amount of l i g h t  t h a t  reaches the  eye under standard l i g h t i n g  conditions.  Gray 
is  perceived a s  about halfway between black and white, and has a va lue  notat ion of 
5 / .  
t o  color value.)  
d a r k e r  co lors  are indicated by numbers from 5 /  t o  01.  
designated f o r  e i t h e r  achromatic o r  chromatic conditions.  
color char t  f o r  s o i l  has a series of chips arranged v e r t i c a l l y  t o  show equal s teps  
from the l i g h t e s t  to  the  darkest  shades of t h a t  hue. 
arrangement v e r t i c a l l y  on t he  card f o r  the  hut of 1OYR. 

(The ac tua l  amount of l i g h t  t h a t  reaches the  eye i s  r e l a t ed  l o g a r i t b i c a l l y  
Lighter colors  a r e  indicated by numbers between 5 /  and l o / ;  

These values  m y  be 
Thus, a card of the  

Figure 4-11 shows t h i s  

indi 
The 

Chroma is the  r e l a t i v e  p u r i t y  o r  s t r eng th  of the s p e c t r a l  color .  Chroma 
.cates  t he  degree of d i l u t i o n  of a co lor  by neu t r a l  gray of the same value.  

_ _ _  sca l e s  of chroma f o r  s o i l s  extend from /O f o r  neu t r a l  co lors  t o  a chroma of /8 
as  the  s t ronges t  expression of color used f o r  s o i l s .  For other purposes chroma a s  
high a s  114 o r  more may be used. Figure 4-11 i l l u s t r a t e s  t h a t  co lor  chips  a t e  
arranged hor izonta l ly  by increasing chroma from l e f t  t o  r i g h t  on t h e  co lor  card. 

The complete co lor  no ta t ion  can be v isua l ized  from f i g u r e  4-11. Pale  brown, 
f o r  example, is designated lOYR 613. 
of the co lors  on the  cha r t  have hue of 1 O Y R .  
a t  the  bottom of the  card and the  l i g h t e s t  shades are a t  the top.  
expression of chroma ( the  grayest  color)  is  a t  the l e f t ;  the s t ronges t  expression 
of chroma is a t  the r igh t .  

of zero chroma which are t o t a l l y  achromatic--neutral color .  
no chroma but  range i n  value from pure black (N 0/) t o  pure white (N lo/). 
color  chips  f o r  neu t r a l  co lors  a r e  the  same on t h e  cards of every hue; they have 
no hue. 
gray. 
a t  such low chroma. 

V e r y  dark brown i s  designated l O Y R  2/2. A l l  
The darkest  shades of t h a t  hue are 

The veakest  

A t  t he  extreme l e f t  of t he  card a r e  symbols such a s  N 6 / .  These are colors  
They have no hue and 

The 

An example of a notat ion for  a neu t ra l  (achromatic) co lor  is N S/, ca l l ed  
The color  l O Y R  S / 1  is a l s o  ca l led  "gray," f o r  t he  hue is hardly percept ib le  

Conditions for measuring color.--The qua l i ty  and i n t e n s i t y  of the l i g h t  
f a l l i n g  on a sample of s o i l  a f f e c t  the amount and qua l i ty  of the l i g h t  r e f l ec t ed  
from the  sample t o  t he  eye. 
or smoothness of i t s  sur face  a l s o  a f f e c t  t h e  amount and quali ty of the l i g h t  
re f lec ted .  
accurate  only under standard conditions of l i g h t  i n t e n s i t y  and qua l i ty .  
color standards are used i n  the  f i e l d ,  therefore, it i s  important that the l i g h t  
be white enough t h a t  the sample r e f l e c t s  its true color and t h a t  the amount of 
l i g h t  be adequate f o r  viaual d i s t inc t ion  between chips.  

The moisture content of t he  sample and the roughness 

The v i sua l  impression of color  from the  standard co lor  chips  is  
As t he  

Color determination may be inaccurate  e a r l y  in t h e  morning o r  l a t e  in the 
evening. When t he  sun i s  low i n  the sky o r  t h e  atmosphere is  smoky, the l ight  
reaching t6e sample i s  somewhat red and the l i g h t  r e f l ec t ed  from t h e  sample i s  
redder than a t  midday. 
standard and t h e  sample, t he  reading of t he  sample co lor  a t  these  times is 
commonly one o r  more i n t e r v a l s  of hue redder than a t  midday. 
d i f f e ren t  i n  the  subdued l i g h t  of a cloudy day than i n  b r igh t  sunl ight .  
a r t i f i c i a l  l i g h t  i s  used, as f o r  color  determinations i n  an o f f i c e ,  the l i g h t  
source used m u s t  be a s  near the  white l i g h t  of midday a s  possible .  
compensation can be made f o r  the  d i f fe rences  unless  t he  l i g h t  is so subdued t h a t  
t h e  d i s t i nc t ions  between color  chips a r e  not apparent. 
l i g h t  i s  espec ia l ly  c r i t i c a l  when matching s o i l  t o  chips of low chroma and low 
value. 

Even though the same kind of l i g h t  reaches the co lo r  

Colors also appear 
If 

With p rac t i ce ,  

I n t e n s i t y  of t h e  inc ident  
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The color  value of wst s o i l s  becomes lover  a s  t h e  s o i l  is moistened. 
Consequently, moisture s t a t e  of t h e  sample is given f o r  each color  determination. 
The "dry" s t a t e  f o r  determinations of s o i l  color i s  air-dry.  
a t t a ined  i n  the  f i e l d  or  i n  the  o f f i ce ;  fur ther  drying causes no f u r t h e r  change in 
color  value.  Host s o i l s  are percept ibly darker when s l i g h t l y  moist. The change 
of co lor  value within the range of very moist is less and is negl ig ib le  f o r  many 
s o i l s .  
Color detenninations of vet s o i l  may be i n  e r r o r  because of t he  e f f e c t  of l i g h t  
r e f l ec t ed  from water films. 

This s t a t e  can be 

Consequently, the  co lor  when moist is determined from very moist s o i l .  

Comonly, both mist and dry co lors  a r e  recorded. 

If there  a r e  d i f fe rences  i n  color  between the  s o i l  mater ia l  i n  p lace  and the  
crushed or  rubbed mass o r  between ped faces  and i n t e r i o r s ,  these  d i f fe rences  are 
recorded i n  the  descr ip t ion  of a s o i l  layer.  
undisturbed apparent color ,  general ly  that of the major mass of t h e  specimen. 
Color a f t e r  t he  mass i s  crushed or color  of ped surfaces  a s  contrasted t o ' c o l o r  of 
ped i n t e r i o r s  i s  recorded next  (nee p.4 68). 

The f i r s t  color  given i s  the  

. 

Roughness of the s o i l  sample a f f ec t s  the  amount of re f lec ted  l i g h t ,  
e spec ia l ly  i f  the  incident  l i g h t  f a l l s  on t he  surface of t he  sample a t  an acute  
angle.  
darker.  
it i s  found, but  care  is exercised t h a t  tbe  inc ident  l i g h t  i s  as near ly  a s  
poss ib le  a t  r i g h t  angles t o  the face  of t be  sample. To determine the co lo r  of 
crushed samples, t he  surface of the sample is smoothed with a kn i fe  or  spa tu la  
before measuring color  and the s t a t e  i s  recorded as "dry and smoothed." 

Even small i r r e g u l a r i t i e s  c a s t  shadows that  make the  sur face  appear 
Roughness of t he  s o i l  i n  its undisturbed o r  broken s t a t e  i s  accepted a s  

R e l i a b i l i t y  of color  measurements .--Under f i c l d  conditions,  measurements of 
color  a r e  reproducible by d i f f e r e n t  individuals  v i t h i n  2.5 units of hue (one page) 
and 1 u n i t  of value and chroma. Notations are made t o  the  neares t  whole unit of 
value and chroma. 

The cards  f o r  hues of Z.SYR, 7.5YR, and 2.5Y do not  include chips  f o r  co lors  
having chroma of 3. 
be estimated r e l i a b l y  by in te rpola t ion  between adjacent  chips  of the same hue. 
Chips f o r  chromas of 5 and 7 are not  provided on any of the  standard co lo r  cards .  
Determinations a r e  usual ly  no t  prec ise  enough t o  j u s t i f y  in t e rpo la t ion  between 
chromas of 4 and 6 o r  of 6'and 8. 
highest  chip. 

These co lors  a r e  encountered frequent ly  i n  some s o i l s  and can 

Color should never be extrapolated beyond t h e  

For many purposes, the differences between co lors  of some adjacent  co lor  
chips have l i t t l e  s ignif icance.  
grouped, and the  groups have been named. 
such groups within a s i n g l e  hue. 

For such purposes color  notat ions have been 
Figure 4-11 i l l u s t r a t e s  the range of 

On some of t h e  co lor  Cards, certain chips  f a l l  on t he  boundary between two 
color  names. 
such a s  "brown t o  dark brown" a r e  not  used. 
match a color  chip. 

The. m e  t h a t  b e t t e r  describes the  color  is assigned. Expressions 
Host s o i l  co lors  do not  prec ise ly  

Color Pat te rns  

The co lor  of each l aye r  irr recorded i n  s o i l  descr ipt ions.  The aggregate of 
descr ip t ions  of each individual  layer  describes the  color pa t t e rn  of t he  whole 
s o i l .  
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The s ing le  layer  may be uniform i n  co lor ,  or i t  may be s t reaked,  spot ted ,  
var iegated,  o r  othervise  heterogeneous i n  color .  Accumulations of carbonates,  
organic matter, i ron ,  manganese, and o ther  substances coamonly.differ i n  color  
from the surrounding s o i l .  S o i l s  t h a t  have impeded drainage commonly a r e  marked 
by a mixture of gray colors  and brown, yellow, o r  red colors .  
coatings a r e  present  on primary p a r t i c l e s  o r  peds in one p a r t  of a l aye r  but  not 
i n  another,  c rea t ing  a mixture of colors .  
l aye r s  are recorded and a r e  p a r t  of the  co lor  p a t t e r n  of the  whole s o i l .  

In some s o i l s ,  

These kinds of color  pa t t e rns  within 

Some s o i l  color  pa t te rns  a r e  patches of one color  within another. Others a r e  
co lors  intermingled i n  such a way t h a t  no one color  i s  c l e a r l y  continuous 
throughout the  layer .  In the  f irst  kind, t he  continuous co lor  can occupy a small 
p a r t  of the  t o t a l  surface observed, a s  i n  l aye r s  t h a t  have a network of  t h i n  bands 
of one co lor  along pa r t ing  planes between peds. This t h read l ike  network encloses 
another color  within the peds. 
almost a l l  of t he  observed surface,  a s  where a few small  spots  of co lo r  a r e  found 
in an otherwise uniformly colored layer .  In pa t t e rns  of intermingled co lors ,  one 
color  can be most abundant, though not necessa r i ly  continuous. 
intermingled co lors  i n  which no s i n g l e  co lor  i s  most abundant. 

I n  another s o i l ,  t h e  continuous color  can occupy 

Some l aye r s  have 

Color pa t te rns  within s o i l  l aye r s  are discussed under th ree  headings: 
(1) dominant color ,  (2) mott l ing,  and (3) co lor  p a t t e r n s  r e l a t ed  t o  physical  
organization. These a r e  elements of t he  i n t e r n a l  co lo r  p a t t e r n  of a l aye r ,  which 
is  seen when t h e  s o i l  i s  broken, revealing t h e  na tu ra l  physical  organizat ion of 
t h e  s o i l  i n  sect ion.  A broken sec t ion  passes  through peds and o ther  unit  bodies 
i f  they can be broken with the s o i l  a s  a whole. 
only the  faces  of s t rong granules,  f i n e  blocks,  and p l a t e s ,  bu t  these should not 
be accepted i n  determining color ;  the  co lors  of t h e  i n t e r i o r  of peds are a l s o  
recorded. 

A broken sec t ion  commonly exposes 

Some small peds must be crushed i n  order  t o  revea l  the i n t e r i o r  'color. 

Dominant color  

The dominant color  i s  the  color  t h a t  occupies t h e  g r e a t e s t  volume of the  
layer .  
volume. For only two colors ,  the dominant co lor  occupies more than 50 percent  of 
t h e  volume. 
volume of t he  l aye r  than any o ther  co lor ,  bu t  it may occupy less than 50 percent.  
I n  some l ayers ,  no s ing le  co lor  is dominant. 
given f i r s t  among those of a multicolored layer .  
yellowish brown and grayish brown" s i g n i f i e s  t h a t  brown is the dominant color.  
may o r  may not  occupy more than 50 percent of t h e  layer .  
and yellowish brown with grayish brown" ind ica t e s  t h a t  brown and yellowish brown 
a r e  about equal and a r e  codominant. 
yellowish brown, and grayish brown," the  th ree  co lors  occupy near ly  equal  p a r t s  of 
t he  layer .  

I t  i s  judged on the bas i s  of co lors  of broken sec t ions  t h a t  supple the  

For three  o r  more colors ,  t he  dominant co lo r  occupies more of t he  

Dominant co lo r  (or  co lors )  is always 

It 
The expression "brown with 

The expression "brown 

I f  the Color8 a r e  described as "brown, 

If the  descr ipt ion makes it obvious t h a t  some co lo r s  occupy a small 
percentage,  i n  the  aggregate, t he  percentage of t he  dominant co lor  need not  be 
given, though recording the  proportion helps  t o  avoid mistakes. 
given below, the  word **few" s i g n i f i e s  less than 2 percent  of t h e  layer .  
yellowish brown and s t rong  brown mottles in a grayish brown l a y e r  were each "few," 
the approximate percentage of grayish brown i s  obvious. 
percentage i s  used, there  can be no quest ion about t he  writer's meaning. 

By conventions 
I f  

Of course, i f  t h e  
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Hot t 1 ing  

The word "mottled" means marked with spots  of d i f f e r e n t  colors ,  bu t  t he  
appl ica t ion  of the. 'term t o  s o i l s  i s  no t  a s  simple a s  the  dict ionary de f in i t i on .  
An example w i l l  i l l u s t r a t e  some of t h e  complications: 

A sec t ion  of s o i l  broken through t h e  peds, which may be s t rong very coarse 
prisms par t ing  t o  weak medium blocks,  might include the  following d i s t i n c t i v e  
colors:  
within the peds and n o t  assoc ia ted  with any d i s c r e t e  s t r u c t u r a l  unit or  body, 
(3) spots  of s t i l l  d i f f e r e n t  co lo r  marking exposed surfaces  of nodules wi th in  the 
peds, (4) a t h i n  band, perhaps 1 m wide, of y e t  another color  i n  a discontinuous 
network marking in te r rupted  boundaries between the  weak blocks,  (5) a t h i cke r  
continuous band of color ,  perhaps 2 mm wide, marking the outer  rim of the very 
coarse prisms, and (6) spo t s  of s t i l l  d i f f e r e n t  co lor  on t h e  surfaces  of pebbles. 
These ate a l l  "spots of color" and a s o i l  descr ip t ion  d is t inguishes  them, b u t  not 
a l l  of them are ca l l ed  "mttles." 

(1) a dominant co lo r  i n s i d e  the  blocky peds, (2) spots  of d i f f e r e n t  color 

The dominant co lor  (or colors )  is given f i r s t .  Hot t les  are then described as 
d e t a i l s  of t he  co lor  pa t t e rn .  
s p e c i f i c  loca t ions  or d i s c r e t e  bodies, and t b a t  kind of re la t ionship  is recorded. 
The colors  of concretions,  nodules, coats .of  peds, f i l l i n g s  in burrows of animals, 
and the  l i k e  are conmronly described as p rope r t i e s  of i d e n t i f i a b l e  bodies o r  
surfaces  and a r e  usua l ly  no t  ca l led  "mottles" in the descr ipt ion.  

Some of the  associated co lors  may be r e l a t ed  t o  

Hot t les  a r e  described i n  terms of quant i ty ,  size, cont ras t ,  m d  color ,  i n  
' t ha t  order.  
boundaries of mott les ,  a r e  recorded as needed. 
according t o  the  conventions described i n  the preceding rect ion.  
and con t r a s t  of mott les  are described using the  conventions that follow. 

Other prope r t i e s ,  including shape, locat ion,  8nd charac te r  of 
Color of mott les  i s  recorded . 

Quantity,  s ize,  

C)uantity can be indica ted  by one o f . t h r e c  general  c l a s ses  based on the 
percentage of t he  obsenred sur face  that  is occupied by mottles of a given kind: 

Few ~ ~ ~ ~ o ~ o ~ o o o o - ~ ~ ~ - ~ ~ ~ - ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  2 percent 

naDy o ~ o ~ ~ o o ~ ~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~ o ~ ~ - ~ ~ ~ ~  *n 20 percent 
- 
Common ~ ~ ~ ~ ~ ~ ~ ~ ~ o o o o ~ o o o - ~ o o o o o - ~ o o  2 t o  20 percent 

The conventions for quan t i ty  a r e  used t o  descr ibe  mott l ing on sur faces ,  such 
A card having sec t ions  a s  faces  of peds, as w e l l  as with in  the body of the r o i l .  

showing spots  of d i f f e r e n t  sizes i n  d i f f e r e n t  proportions provides standard8 f o r  
v i sua l  impressions of quant i ty .  

The words used t o  name quant i ty  c l a s ses  may b p l y  t o  8- t h a t  the mott les  
are  spots  on a background of another color .  
mott l ing i s  a continuous network of d i f f e r e n t  co lor ,  the term th read l ike  may be 
added: "few th read l ike  ... mottles." Estimated percentage8 may be used instead of 
c l a s s  terms: -"one percent  threadl ike. .  .mottles." 

When descr ibing multicolored mater ia l s ,  the no t r t i ons  must c l e a r l y  ind ica t e  
t o  which co lors  t h e  terms for quant i ty  apply. For example, "coamon grayish brown 
and yellowish brown mottles" could mean that  e occupier 2 t o  20 percent of the 
horizon. .By convention, the cxaaple is in te rpre ted  t o  mean t h a t  t h e  quant i ty  of 
the two colors  toge ther  is  .between 2 and 20 percent.  
between 2 and 20 percent ,  t h e  descr ip t ion  should read "common grayish brown and 
common yellowish brown mottles." 

Thir is not  always true. If the 

If each co lor  occupies 
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- Size refers t o  the approximate dimensions of t h e  mott les  a s  seen on a plane 
surface.  
the  dimension recorded i s  the  g rea t e r  of t h e  two. 

, narrow, a s  a band of color a t  the  periphery of a ped, t h e  dimension recorded is  
the  smaller of the two and the bhape and loca t ion  a r e  a l s o  described. 
c l a s ses  a r e  used: 

I f  the length of a mottle i s  not more than two o r  t h r e e t i m e s  the width, 
I f  t he  mot t le  is  long and 

Three s i z e  

Fine-------------------o-oo-o-o- Smaller than 5 m 

Coarse------------o--o--oo-ooo-o Larger than  15 m 

- Hedium---------------o--o-ooo--- . 5 t o  1s mm 

Size of mottles,  l i k e  quant i ty ,  m u s t  be c a r e f u l l y  i d e n t i f i e d  i n  terms of the  
A card having spo t s  of var ious  shapes kinds of mottles t o  which the terms apply. 

i n  sizes t h a t  correspond t o  size c lasses  is  he lpfu l  f o r  f i e l d  use. 

Contrast refers t o  the degree of v i sua l  d i s t i n c t i o n  t h a t  is evident  between 
associated colors .  Contrast may be described as f a i n t ,  d i s t i n c t ,  or  prominent: 

Faint :  - Fa in t  mott les  comonly have 
the  same hue as the color  t o  which they a r e  compared and d i f f e r  by no 
more than 1 u n i t  of chroma or  2 u n i t s  of value.  Some f a in t  mott les  of 
s imi la r  but lov chroma and value d i f f e r  by 2.5 u n i t s  (one page) of hue. 

Evident only on c lose  examination. 

Dist inct :  
which they a re  compared. Distinct mot t les  commonly have the same hue as 
the color t o  which they are compared but d i f f e r  by 2 t o  4 u n i t s  of 
chroma o r  3 t o  4 units of value; or d i f f e r  from the co lo r  t o  which t h e y .  
a r e  compared by 2.9 u n i t s  (one page) of hue bu t  by no more than  1 u n i t  
of chroma o r  2 u n i t s  of value.  

Readily seen but  con t r a s t  only moderately wi th  t h e  color  t o  

Prominent: 
Prominent mottles a r e  conmonly t h e  most obvious co lor  f ea tu re  of the 
sec t ion  described. Prominent mott les  t h a t  have medium chroma and value 
commonly d i f f e r  from t&e color  t o  which they arc  compared by a t  l e a s t  5 
un i t s  (two pager) of hue i f  chroma and va lue  are  t h e  same; a t  l e a s t  4 
un i t s  of value o r  chroma i f  the hue is t h e  same; or  a t  l e a s t  1 u n i t  of 
chroma o r  2 un i t s  of value i f  hue d i f f e r s  by 2.5 units (one page). 

If co lors  of mottles and of the background a r e  recorded by Hunsell nota t ions ,  

Contrast s t rongly w i t h  the co lo r  t o  which they are compared. 

t he  degree of cont ras t  is evident from the notat ions.  
the Hunsell color  system regular ly ,  however, t h e  nota t ions  do no t  c r e a t e  a c l e a r  
impression of color  o r  contrast .  The connotative terms f o r  con t r a s t  are usual ly  
used, even though color notat ions a r e  given. A judgment of degree of  con t r a s t  a t  
t he  time t he  s o i l  i s  described i8 useful ,  since the con t ra s t  is o f t e n  n o t  a simple 
comparison of one color with another but  i 8  8 visual impression of  t h e  prominence 
of one color  against  a background conanonly involving seve ra l  co lors .  
provided i n  the  def ini t ion8 of cont ras t  c l a s ses ,  therefore ,  a r e  used w i t h  
appropriate  judgment of the v i sua l  impression of the l ayer .  
whether the  cont ras t  term compares only two colors  or  is a visual q r e s s i o n  of 
cont ras t  of color  against  a multicolored background. 

For readers  who do not  use 

The guides 

The descr ip t ion  shows 

Shape of some mottles is s i g n i f i c a n t  rnd i s  o f t e n  described by common words 
l i k e  s t r eaks ,  bands, tongues, tubes,  and spots .  
of mottles is re la ted  t o  s t ruc tu re  of t he  s o i l .  
The nature of boundaries of mottles is important i n  some s o i l s  and can be 

Commonly, t h e  loca t ion  and shape 
Such r e l a t ionsh ips  a r e  described. 
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described a s  sharp ( l i k e  a kn i fe  edge), c l ea r  (color grades over l e s s  than 2 rum), 
or di f fuse  (color grades over more than 
mottl ing a re  described a s  necessary t o  record fea tures  t h a t  may be s i g n i f i c a n t  f o r  
understanding the  p rope r t i e s  of the  s o i l  and how it formed. 
conventions are provided for  these a t t r i b u t e s  because of t h e i r  d ive r s i ty .  
Generally, more usefu l  records are obtained by t a i l o r i n g  t h e  descr ip t ion  t o  the  
special  fea tures  observed r a the r  than by depending on conventions t h a t  a r e  l i k e l y  
t o  be inadequate. 

The elements of mott l ing are conventionally described a f te r  the dominant 
color i n  the order  (1) quant i ty ,  (2) s i z e ,  (3) cont ras t ,  (4) color ,  (S) o the r  
a t t r i b u t e s  : 
s t r eak l ike  mott les ,  b r o w  (1OYR 5/3) moist." Color is recorded by Munsell 
notat ion i n  de t a i l ed  f i e l d  descr ipt ions.  
group name may be used alone, but  i f  t h e  descr ipt ion is f o r  technica l  use as w e l l ,  
the  Hunscll no ta t ion  i s  given i n  parentheses. 

Color pa t te rns  r e l a t ed  t o  physical  organization 

These and o ther  a t t r i b u t e s  of 

No spec ia l  

"few , medium, d i s t i n c t ,  yellowish brown (1OYR S / 4 ) ,  d i f fuse  , 
In nontechnical descr ip t ions  the  co lor  

Color, including mott l ing,  is  described separately f o r  any s t r u c t u r e  t h a t  
merits separate  descr ip t ion  as a unique p a r t  of the s o i l .  
i n t e rna l  color  pa t t e rns ,  are described for .such bodies as peds, concret ions,  
nodules, cemented bodies,  f i l l e d  animal burrows, and the l i k e .  
organization i n  s o i l , "  p. 4-70.)  

The colors ,  including 

(See "Physical 

Colors are given for  coatings on faces  of peds as well 8 s  f o r  faces  of peds 
Extensions of mater ia l  from another  s o i l  

The conventions f o r  descr ibing the color  of the s o i l  a r e  

that do not have i d e n t i f i a b l e  coatings.  
l aye r  are usual ly  described as unique a t t r i b u t e s  of the roil, and the  descr ip t ions  
of them include color .  
used f o r  descr ip t ions  of unique bodies and surfaces.  

Commonly, t h e  co lo r s  of unique bodies rnd rurfaces  have s i g n i f i c a n t  
re la t ionships  t o  loca t ion  on o r  i n  the element described. 
boundary fea tures  between the i n t e r i o r  and e x t e r i o r  of a d i r c r e t e  body. 
tubular  color  pa t t e rns  that  extend v e r t i c a l l y  belou the  A horizon of some w e t  
s o i l s ,  f o r  example, reflect  chemical phenomena adjacent t o  roots  that once 
occupied the tubules.  The rim of b r i g h t  color  within an o u t e r  l a y e r  of l i g h t  
color  a t  the sur face  of some peds reflects important boundary f ea tu res  t h a t  a f f e c t  
water movement i n t o  and out  of the peds and oxidation-reduction r e l a t ionsh ips  a t  
the sur facefof  the peds. 
spec i f i c  locat ions are described i n  r e l a t i o n  t o  locat ion.  
a r e  re la ted  to di f fe rences  i n  other proper t ies ,  such 8S texture, t h a t  r e l a t ionsh ip  
i s  noted. 

Some are products of 
The f i n e  

Color pa t t e rns  that  a r e  cons i s t en t ly  r ssoc ia ted  with 
If color d i f fe rences  

-. 
In general, any color  pa t t e rn  t h a t  exhib i t s  order  requi res  explanation 

because order  implice a cause and e f f e c t  r e h t i o n s h i p .  
of s o i l  or iginated from such clues.  
re la t ionships  are understood, bu t  the observed order is recorded as data  f o r  
developing understanding. 

Huch of the understanding 
Corrmonly, not a11 of the reasons f o r  observed 

Recording Color 

conventions that a r e  equal ly  convenient and log ica l  f o r  a l l  who write s o i l  
The many co lors  and color  combinations i n  s o i l s  defy design of a s e t  of 



e 

e 

- 
descr ipt ions,  f o r  the var ied co lor  p a t t e r n s  observed i n  s o i l s ,  and f o r  those who 
use s o i l  descr ipt ions.  Nevertheless, some order  i n  the  manner i n  which color  is 
recorded is helpful .  
They are intended t o  suggest t he  kinds of information t o  be recorded and formats 
t h a t  a r e  useful  f o r  most descr ip t ions .  

notat ion i n  paSnGs- is ture  s t a t e ,  and (4) t h e  physical  s t a t e :  
"brown (1OYR 5/3) ,  dry, crushed and smoothed." 
i s  usual ly  omitted, but  it is supplied when the  descr ip t ion  is  prepared f o r  
general  use. 

These guidel ines  a r e  not  intended t o  be followed bl indly.  

Elements of color  descr i  t i ons  include (1) the  co lor  name, (2) t h e  Huse l l  

In f i e l d  notebooks the  co lor  name 

Woisture - s t a t e  i s  recorded f o r  a l l  co lo r  deteni inat ions.  To avoid 
unnecessary repe t i t ion ,  a standard moisture s t a t e  of the  whole s o i l ,  or of a given 
p a r t  of it, can be recorded i n  an  introductory remark s t a t i n g  t h a t ,  unless  
specif ied otherwise, a l l  co lors  are f o r  t h a t  moisture state. 
is used, each color recorded f o r  a d i f f e r e n t  moisture s t a t e  must have i t s  moisture 
specif ied.  

If t h i s  convention 

This appl ies  t o  dominant co lors ,  mott les ,  and bodies and surfaces .  

Descriptions of s o i l  series wi th in  a region can cons is ten t ly  repor t  e i t h e r  
dry o r  moist color  as the  s tandard state f o r  the area o r  region. 
humid region the moist state is taken as standard,  and i n  an a r i d  region the dry 
s t a t e .  

In deta i led  descr ipt ions,  co lo r s  of both dry and moist s o i l  a r e  recorded i f  

Usually in a 

feas ib le .  The color  f o r  the  moisture state a t  the time the s o i l  is examined i n  
t h e  f i e l d  is  usual ly  described f i r s t .  
s t a t e s  i s  not always p r a c t i c a l ,  f o r  i n  moist weather drying a moist s o i l  i n  the 
f i e l d  may not be f eas ib l e  i n  reasonable time. 
moist s o i l  can be brought i n t o  a room t o  dry. 

Recording co lor  f o r  both dry and moist 

A dry s o i l  can be moistened and a 

the  sample is recorded as broken, rubbed, crushed, or 
The term "crushed" usual ly  appl ies  t o  dry samples and 
.es. A standard physical  s ta te  f o r  which color  is described 

can be specif ied i n  ah introductory statement;  o ther  physical  s t a t e s  f o r  which 
color  is recorded must then be spec i f ied .  
statement about the  physical  s t a t e ,  the usual  understanding i s  t h a t  t h e  co lor  is 
recorded as seen on t he  sur face  of broken s o i l .  

For s o i l  descr ip t ions  t h a t  l ack  a 

In mottled s o i l s  e spec ia l ly ,  t h e  co lor  and co lor  pa t t e rns  of faces  of peds 
and those of a surface broken through t h e  peds can be markedly d i f f e ren t .  
color  of the  s o i l  i s  recorded f o r  a sur face  broken through a ped i f  a ped can be 
broken as a unit r a the r  than crushed o r  rubbed. Coherent bodies such as 
concretions o r  nodules are usua l ly  described as spec ia l  fea tures ,  no t  as mottles;  
however, i f  such bodies break with the s o i l ,  the colors  expooed are sometimes 
described as mottles,  depending on the d i s t inc tness  of the body vi thin the s o i l .  

cont ras t  of mottles and the  name and Huasell nota t ion  of t h e  co lor  a r e  recorded. 
Woisture s t a t e  and physical s t a t e  of t h e  dominant co lor  are presumed t o  apply t o  
the  mottles unless t he  descr ip t ion  states o t h e n i s e .  
standard m o i s t  broken s t a t e  of t he  sample has been spec i f ied ,  might read "dark 
brown (1OYR 4 / 3 ) ,  brown ( 1 O Y R  5/31 dry; many medium d i s t i n c t  yellowish brown (1OYR 
5 / 6 )  mott les ,  brownish yellow ' (1OYR 6 / 6 )  dry." 
spec ia l  re la t ionship  o f  mott l ing t o  s t ruc tu re .  

The 

Mottling i r  described following the dominant color .  The quant i ty ,  size, and 

An example, f o r  which a 

Such a descr ipt ion implies no 
Alterna t ive ly ,  the  co lors  i n  the  
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standard moisture s t a t e  may be given together ,  followed by the  co lo r s  a t  other  
moisture s t a t e s .  The color  of m o t t l e s  commonly is  given only f o r  t he  standard 
s t a t e  unless spec ia l  s ign i f icance  can be attached t o  color  o f .mot t l e s  a t  another 
s t a t e .  

I f  no color  dominates the  layer ,  a nearly equal mixture of two colors  f O K  a 
moist broken standard s t a t e  can be wr i t ten  "intermingled dark brown ( 1 O y R  4 / 3 )  and 
yellowish brown (IOYR 5 / 6 )  i n  a medium d i s t i n c t  pa t te rn ,  brown (1OYR 5/3) and 
brownish yellow (1OYR 6 / 6 )  dry." I f  a t h i r d  color  is present ,  "common medium 
f a i n t  dark grayish brown (1OYR 4/2) mottles,  grayish brown (1OYR 5/2)  dry" can be 
added. 
with the  color  s tandards,  t he  nunsel l  notation should be omitted.  
abbreviated descr ip t ions  a r e  used f o r  spec i f i c  circumstances. 

tongues, a r e  a l s o  p a r t  of the  color pa t te rn  of the  l aye r  bu t  a r e  described with 
the o ther  proper t ies  of the  features .  
t h a t  remain i n t a c t  and has penetrat ions of E material ,  co lors  of those  s t ruc tu res  
can be included t o  complete t h e  v isua l  impression of t he  broken moist  surface: 
"dark brown (1OYR 4 / 3 ) ,  brown ( 1 O Y R  5/31 dry; many medium d i s t i n c t  yel lowish brown 
(1OYR 5 / 6 )  mott les  i n  peds, brownish yellow (1OYR 6/61 drp;  few medim prominent 
yellowish red (5YR 5 / 6 )  nodules, reddish yellow (5YR 6/61 d q ;  common d i s t i n c t  
l i g h t  brownish gray (1OYR 6/2) material  between peds, l i g h t  gray (1OYR 7/2) dry." 
Colors t h a t  have been recorded f o r  the  broken sec t ion  a r e  commonly descr ibed most 
e f f ec t ive ly  a s  p a r t  of a s ing le  descr ipt ion of the  feature:  
prisms 15 t o  25 cm across  having grayish brpwn (2.5Y 5/21 i n t e r i o r s  and coamon 
'medium f a i n t  l i g h t  o l ive  brown (2.5Y 5/3) mottles,  a s t rong  brown (7.5YR 5 / 6 )  
outer  rim 5 PIP th ick ,  and gray (2.5Y 5/1) ex te r io r  surfaces." The reader  can 
r e l a t e  the  co lor  p a t t e r n  t o  the  s t ruc ture .  

I f  the  mott les  a r e  f i n e  and f a i n t  so t h a t  they cannot be compared e a s i l y  
Other 

. Contrasting colors  associated with spec ia l  s o i l  f ea tu re s ,  such a s  nodules and 

I f ,  f o r  example, t h e  l a y e r  contains  nodules 

"strong very coarse 

Physical Organization i n  S o i l  

So i l s  d i f f e r  i n  the organization of the  individual  s o i l  p a r t i c l e s  and in the  
numbers, sizes, and kinds of s o i l  pores. 
organization, i n  most s o i l s  the p a r t i c l e s  a r e  organized in varying degrees i n t o  
*its of var ious sizes, shapes, and compositions. 
arrangements a r e  described i n  t h i s  sect ion.  
according t o  kind, cuch as "peds," "nodules," "clay coats." 

have o ther  organized morphological elements. 
surfaces .  
Elements on ped faces, pore walls, and other  surfaces  a r e  descr ibed as "Surface 
features"  (p. 4-74). 
sesquioxides,  carbonates,  and the  l i k e .  
concretions,  a r e  described a s  "Concentrations within the soil" (p. 4-76). 
a r e  voids within and between s t r u c t u r a l  un i t s  and a r e  consequences of  
organization. 

Although some s o i l s  have l i t t l e  

These units and t h e i r  spec ia l  
The units themselves are named 

Peds make up the s t r u c t u r a l  framevork of most s o i l s .  In add i t ion ,  many s o i l s  
Some are assoc ia ted  wi th  ped 

Others are d i s c r e t e  bodies within peds or i n  s t r u c t u r e l e s s  s o i l s .  

They include coatings of c lay ,  s i l t ,  sand, organic  mater ia l ,  
Discrete  bodies, such as nodules and 

Pores 

They a r e  described i n  the sec t ion  "Pores" (p. 4-86). 
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Soi l  Structure  - 
Soi l  s t ruc tu re  r e f e r s  t o  the na tu ra l  organization of s o i l  p a r t i c l e s  i n t o  

uni t s .  
through more than one cycle  of wet t ing and drying i n  place.  
un i t  is ca l led  a e. 
v i  thout magnification. 

as plowing, t h a t  mold t h e  s o i l  i n t o  t r a n s i e n t  bodies, (2) - s o i l  fragments, which 
form when the  s o i l  cracks or is broken and which a re  bounded by ephemeral planes 
t h a t  do not reappear i n  the same place on drying, and (3) concretions o r  nodules, 
which a r e  loca l  concentrations of substances binding gra ins  of s o i l  together  i n t o  
d i sc re t e  u n i t s  within the s o i l .  
pa r t s  of this sect ion.  

surfaces  of s o i l  fragments by smoothness, coat ings,  re la t ionship  of mineral g ra ins  
t o  the  surface,  and the  absence of shapes and grooving c h a r a c t e r i s t i c  of 
s l ickensides .  Iden t i f i ca t ion  of some peds requires  ca re fu l  examination of 
sect ions through t h e  s o i l  f o r  c l e a r l y  defined pa r t ing  planes repeated over 
reasonably cons is ten t  d i s t ances  and ca re fu l  examination of t h e  sur faces  of u n i t s  
when they a r e  removed. 

e n t i t y  without component smal le r  peds that  p e r s i s t  through successive wet t ing an& 
drying cycles. Others have compound s t ruc tu re ,  in which l a rge  peds a r e  composed . 
of smaller peds separated by p e r s i s t e n t  planes of weakness. 

These u n i t s  a r e  separated by surfaces  of weakness. The sur faces  p e r s i s t  
An individual  na tu ra l  

Host peds described i n  s o i l s  are la rge  enough t o  be seen 

Peds are dis t inguished from (1) clods,  which a r e  caused by dis turbances,  such 

These kinds of bodies a r e  described i n  o ther  

The p e r s i s t e n t  sur faces  of peds can o f t en  be dis t inguished from t h e  f r a c t u r e  

S o w  s o i l s  lack  s t ruc tu re .  Some have simple s t ruc tu re ,  each ped being an 

Layers t h a t  lack s t r u c t u r e  are s t ruc tu re l e s r .  In s t r u c t u r e l e s s  s o i l s ,  no 
peds a r e  observable i n  p lace  or af te r  the soi l  has been gent ly  dis turbed,  a s  by 
tapping a spade containing a s l ice  of r o i l  aga ins t  a hard surface,  dropping a 
large fragment on the  ground, o r  t o s s ing  a fragment up i n  the  a i r  and catching it. 
When s t ruc tu re l e s s  s o i l s  are d is turbed ,  s o i l  fragment8 and s ing le  mineral g ra ins  
can be ident i f ied .  
e a s i l y  broken o r  crushed. 

' 

The s o i l  fragments may be s t rongly coherent o r  they may be 

In s o i l s  t h a t  have s t r u c t u r e ,  t h e  shape, size, and grade (d is t inc tness)  of  
the  peds a r e  described. 
s e t s  of terms designat ing each of t h e  three proper t ies ,  which by combination form 
the  names f o r  s t ruc tu re .  

F i e ld  terminology f o r  s o i l  S t ruc ture  cons i s t s  of s epa ra t e  

Shape.--Several bas i c  shapes of  peds are recognized in s o i l s .  Supplemental 
statements about the  v a r i a t i o n s  in shape of individual  peds a r e  needed i n  d e t a i l e d  
descr ipt ions of some s o i l s .  
re la ted  arrangement of peds: 

The following terms descr ibe the bas ic  shapes and 

Platp: 
hor izonta l ly  and are usua l ly  overlapping. 
i l l u s t r a t e d  i n  f igu re  6-13. A rpec ia l  form, l e n t i c u l a r  p la tx  s t r u c t u r e ,  
i s  recognized f o r  p l a t e s  t h a t  a r e  th i ckes t  in t he  middle and t h i n  toward 
the  edges. 

Prismatic: 
v e r t i c a l  faces .  ' Peds a r e  d i s t i n c t l y  longer v e r t i c a l l y ,  and the  faces  

The peds are f l a t  and p l a t e l ike .  They a r e  general ly  o r i en ted  
P l a t y  s t r u c t u r e  is  

The ind iv idua l  peds a r e  bounded by f l a t  o r  s l i g h t l y  rounded 
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a r e  typ ica l ly  cas t s  or molds of adjoining peds. Vertices a r e  angular o r  
'subrounded; t h e  tops of the prisms a r e  somewhat i n d i s t i n c t  and normally 
f l a t .  Prismatic s t ruc tu re  is i l l u s t r a t e d  i n  f igu re  4-14. 

Columnar: 
s l i g h t l y  rounded v e r t i c a l  faces. However, the tops of columns, in 
con t ra s t  t o  those of prisms, are  very d i s t i n c t  and normally rounded, as 
i l l u s t r a t e d  i n  f igu re  4-15. 

The peds a r e  s imi la r  t o  prisms and are bounded by f l a t  o r  

Blocky: 
f l a t  o r  s l i g h t l y  rounded surfaces  that  a r e  c a s t s  of t he  faces  of 
surrounding peds. 
prisms, which a r e  longer v e r t i c a l l y ,  and t o  p l a t e s ,  which a r e  longer 
horizontal ly .  The s t ruc tu re  i s  described a s  angular blocky i f  t he  faces 
i n t e r s e c t  a t  r e l a t i v e l y  sharp angles and a s  subangular blocky i f  the  
faces  a r e  a mixture of rounded and plane faces  and t h e  angles a r e  mostly 
rounded. 

Granular: 
bounded by curved o r  very i r r e g u l a r  faces  t h a t  a r e  not  casts of 
adjoining peds. 

The peds a r e  blocklike o r  polyhedral. The peds a r e  bounded by 

Blocky peds a r e  near ly  equidimensional bu t  grade t o  

Figure 4-16 i l l u s t r a t e s  angular blocky peds. 

The peds are approximately spherical  o r  polyhedral and a r e  

Granular peds a r e  i l l u s t r a t e d  i n  f igu re  4-17. 

- Size.--Five c lasses  describe the  s i z t  of peds: very f i n e ,  fine, medium, 
coarse ,  very coarse. 
of t h e  peds. The c lasses  of size f o r  the  var ious ped shapes a r e  given i n  t ab le  
4-5. 
prisms, and columns and t o  the  l a r g e s t  of the near ly  equal dimensions of blocks 
and granules.  

The s i z e  l i m i t s  of t h e  c lasses  d i f f e r  according t o  the  shape 

The size limits r e f e r  t o  measurements in the  smallest dimension of p l a t e s ,  . 

I n  some horizons the -peds a r e  very much l a rge r  than the minimum s i z e  given 
I f  the  peds a r e  more than twice the  minimum size of f o r  t h e  very coarse c l a s s .  

"very coarse," t he  ac tua l  size is  given: "prisms 30 t o  40 cm across." 

- Grade.--Grade descr ibes  the d i s t inc tness  of peds and the  re la t ionship  of 
cohesion within peds and adhesion between peds. 
s t r u c t u r e  i n  the  f i e l d  depends on the ease with which the  s o i l  separa tes  i n t o  
d i s c r e t e  peds and a l s o  on the  proportion of peds t h a t  hold toge ther  when the  s o i l  
is handled. Three c l a s ses  a r e  used: 

' 

The determination of grade of 

Weak: - 
t h e  s o i l  mater ia l  p a r t s  i n t o  a mixture of e n t i r e  and broken peds and 
much mater ia l  t h a t  exhib i t s  no ped faces.  
pers i s tence  through a t  l e a s t  one wetting and drying cycle are evident i f  
t h e  s o i l  is handled careful ly .  Distinguishing s t ruc tu re l e s sness  from 
weak s t r u c t u r e  i s  sometimes d i f f i c u l t .  
has s t ruc tu re ,  the  surface of individual  peds w i l l  d i f f e r  i n  some way 
from the  i n t e r i o r s  of t he  peds. 

The peds a r e  barely obserpable i n  place. When gent ly  disturbed, 

Ped faces  t h a t  i nd ica t e  

In v i r t u a l l y  a11 mater ia l  t h a t  

4-72 

Hoderate: 
When disturbed,  the  s o i l  mater ia l  p a r t s  i n t o  a mixture of many e n t i r e  
peds, some broken peds, and l i t t l e  mater ia l  t h a t  is not  i n  peds. The 
peds p a r t  from adjoining peds t o  reveal near ly  e n t i r e  faces  t ha t  have 
p rope r t i e s  d i s t i n c t  from those of f r ac tu re  surfaces .  

The peds a r e  well fomed and evident i n  undisturbed s o i l .  
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Strong: The peds a r e  d i s t i n c t  i n  undisturbed s o i l .  They separa te  
c leanly when the  s o i l  i s  dis turbed.  When removed, t he  s o i l  mater ia l  
separates  mainly i n t o  e n t i r e  peds. 
d i s t i n c t i v e  proper t ies  t h a t  d i s t i ngu i sh  them from f r a c t u r e  surfaces .  

Generally,  faces  of peds have 

Grade of s t ruc tu re  changes with the  soi l -water  state.  When s o i l s  are 
described i n  the  f i e l d ,  s o i l  s t r u c t u r e  of necess i ty  i s  described f o r  the ex i s t ing  
soil-water s t a t e .  That s t a t e  is spec i f ied ,  e i t h e r  f o r  the s o i l  a s  a whole a t  t he  
beginning of the  descr ip t ion  o r  f o r  t he  ind iv idua l  horizons. 
a map un i t  o r  a taxonomic unit are prepared, s t r u c t u r e  is  described f o r ' t h e  
soil-water s t a t e  most common f o r  t h e  s o i l ,  and t h a t  s t a t e  is spec i f ied .  
i n  grade of s t ruc tu re  a s  soi l -water  s t a t e  changes are a l s o  described. 

When descr ip t ions  of 

Changes 

Struc ture  may be a l t e r e d  i n  s o i l  s ec t ions  such a s  road cu t s  exposed t o  
var ia t ions  of temperature and moisture. 
a long time are not su i t ab le  places  t o  determine the grade of s t ruc tu re .  

S o i l  s ec t ions  t h a t  have been exposed f o r  

The d i s t inc tness  of individual  peds and t h e  r e l a t ionsh ip  of cohesion within 
The r e l a t ionsh ip  of peds t o  adhesion between peds determine grade of s t ruc tu re .  

adhesion t o  cohesion is  r e l a t i v e  t o  the s p e c i f i c  horizon being evaluated: 
individual peds i n  a sandy loam A horizon may have s t rong  s t r u c t u r e  yet be less 
durable than individual  peds i n  a s i l t y  clay loam B horizon of weak structure. 
The degree of disturbance required t o  determine s t r u c t u r e  grade depends l a rge ly  on 
moisture content and percentage and kind of c lay.  
necessary t o  separate  peds of a moist sandy loam having s t rong  granular  s t r u c t u r e ,  
while considerable disturbance may be required t o  separa te  peds of a moist clay - 
loam having s t rong blocky s t ruc tu re .  

Only s l i g h t  dis turbance may be 

The three  terms f o r  s o i l  s t r u c t u r e  are combined i n  t h e  order  (1) grade, 
(2) s i z e ,  (3) shape: 
t h a t  separates  a h s t  e n t i r e l y  i n t o  d i s c r e t e  units tha t  are loose ly  packed, 
roughly spherical ,  and mostly between l a n d  2 om i n  diameter. 

"strong f i n e  granular  s t ruc tu re"  is used t o  descr ibe  a s o i l  

The designation of s t r u c t u r e  by grade, size,  and shape can be modified wi th  
other  appropriate terms when necessary t o  descr ibe  o ther  c h a r a c t e r i s t i c s  of the 
peds. Surface cha rac t e r i s t i c s  of peds are described separa te ly .  Spec ia l  
s t r u c t u r a l  un i t s  such as t h e  wcdge-shaped aggregates o f  Ver t i so l s  are described i n  
appropriate terms. 

Compound s t ruc tu re  

In many s o i l  horizons one o r  more sets of small peds a r e  he ld  toge ther  t o  
form d i s c r e t e  bodies recognizable as l a r g e r  peds. 
the  re la t ionship  of one t o  t he  o ther ,  are described. 
given f o r  both. 
important and is  shown: 
"moderate coarse pr ismatic  s t r u c t u r e  pa r t ing  to  s t rong  medium blocky." 
"parting," not "breaking," is used. 
i s  fractured along planes other than n a t u r a l  planes of weakness. 

Both orders  of peds, a s  w e l l  a s  
Grade, size, and shape a r e  

The r e l a t ionsh ip  of one se t  of s t r u c t u r a l  units t o  the o the r  is  

The word 
"strong medium block-s wi th in  moderate coarse  prisms," or 

The term "breaking" is appl ied when t h e  s o i l  

A descr ipt ion of peds wi th in  peds implies primary and secondary p a r t i n g  
planes and voids associated with them. 
degrees of cont inui ty  of the par t ing  planes and assoc ia ted  voids.  

It c-only a l s o  suggests  d i f f e r i n g  

(430-V-SSH, Hay 1981) 
4-73 



Clods and So i l  Fragments . . --- 
I f  enough force i s  used, any body of s o i l  mater ia l  can be broken i n t o  smaller 

The pieces  'are peds i f  t h e i r  form and size a r e  r e l a t ed  t o  pe r s i s t en t  pieces .  
planes of weakness. 
and size o r  surfaces  t h a t  i nd ica t e  pers i s tence  a r e  not peds. 

Aggregations of s o i l  grains  t h a t  do not  have orderly shape 

- Clods a r e  bodies of Soi l  mater ia l  t h a t  fonn when the  s o i l  is subjected t o  

On s lak ing ,  some clods leave 
The ohape, grade,  and size of clods 

shear ing,  as during plowing o r  digging. 
p a r t i c l e s ,  a t  l e a s t  next t o  the sur faces  formed. 
peds; o the r s  s lake  t o  s t ruc tu re l e s s  mater ia l .  
should be described. 

There is  sOme rearrangement of primary 

- Soil fragments include (1) units of undisturbed s o i l  that a r e  separated by 
planes of weakness or  planar voids a t  t he  time they are observed but  t h a t  do not 
p e r s i s t  through cycles of wetting and drying and (2) pieces  formed independently 
of planes of weakness by outs ide pressures ,  as when massive mater ia l  o r  a ped is 
broken during examination of t h e  s o i l .  The s o i l  fragments formed when a s o i l  
cont rac ts  upon drying a r e  examples of the f i r s t  kind (Figure 4-18). 
without manipulation and have size,  shape, and arrangement governed by forces  
within the s o i l ;  bu t  the  same f r a c t u r e  planes might no t  form during another 
wetting and drying cycle. 
by outs ide pressures  during manipulation depend on the pressure  applied. 
" s o i l  fragments" is used t o  avoid confusion v i t h  rock fragments. 

They form 

The sizes and.rhapes of  p ieces  of s o i l  mater ia l  formed 
The tern 

Surface Features 

Surface fea tures  include (1) coats  of a v a r i e t y  of substances unl ike the 
adjacent  s o i l  mater ia l  and covering p a r t  or a l l  of sur faces ,  (2) material 
concentrated on surfaces  by the removal of other  mater ia l ,  and (3) rtress 
formations i n  which t h i n  layers  a t  the sur facer  have undergone reor ien ta t ion  or 
packing. All d i f f e r  from the adjacent  mater ia l  i n  composition, o r i en ta t ion ,  o r  
packing. 

Descriptions of surface f ea tu res  u y  include kind, loca t ion ,  amount, 
. con t inu i ty ,  d i s t i nc tness ,  and th ickness 'o f  the fea tures .  I n  addi t ion ,  co lor ,  
texture ,  and o ther  cha rac t e r i s t i c s  t ha t  apply may be described, e spec ia l ly  if they 
con t ra s t  with the cha rac t e r i s t i c s  of the adjacent  material. 

Kinds.--Surface - fea tures  are dis t inguished by d i f fe rences  i n  t ex tu re ,  color ,  
packing, o r i en ta t ion  of p a r t i c l e s ,  or reac t ion  t o  V A r i O U S  tests. If a f ea tu t e  is 
d i s t i n c t l y  d i f f e r e n t  from the adjacent  mater ia l  bu t  kind cannot be determined, it 
is described. 

Clay - skins (synonymous u i t h  c lay  f i lms)  are thin layers of or iented 
t rans loca ted  clay. 

Clay br idges l i n k  together adjacent  mineral g ra ins  a t  coat8ct  points .  

Sand o r  s i l t  coats  a re  sand o r  s i l t  gra ins  adhering t o  a surface.  
and s i l t  coats  a r e  concentrations of the  sand and s i l t  o r i g i n a l l y  in  the  horizon 
from which f i n e r  p a r t i c l e s  have been reatoved. 
'moved from horizons above and deposited on surfaces .  

Some sand ---- 
Some are mater ia l  that  has been 

In some coats  the  gra ins  a r e  

4-74 
(630-V-SSl4, Hay 1981) 

e 



almost f ree  of f i n e r  mater ia l ;  i n  o the r s ,  t h e  gra ins  themselves a r e  coated. 
known, the or ig in  of t he  coa t  is noted. 
quartz but may, cons is t  of o ther  mater ia l s .  

If  
Sand o r  s i l t  coats  a r e  comonly high in 

Other coats a r e  described by p rope r t i e s  t h a t  can be observed i n  the  f i e l d .  -- 
The coats may be composed of i ron ,  aluminum o r  lDanganes.e oxides, organic mat ter ,  
s a l t s ,  or  carbonates. 
ident i f ica t ion .  

L 
Laboratory analyses  may be needed f o r  pos i t i ve  e 

Stress surfaces  a r e  smoothed sur faces  t h a t  have g rea t e r  densi ty  than the  
adjacent s o i l .  
drying and wetting cycles.  

They a r e  caused by pressure  and may p e r s i s t  through successive 

Slickensides (Figure 4-19) a r e  stress surfaces  t h a t  are polished and 
s t r i a t ed .  They a r e  produced by one volume of s o i l  s l i d i n g  over another and a r e  
comon in swelling clays i n  which t h e r e  are marked changes in moisture content.  

Location.--The various f ea tu res  may be on some or a l l  surfaces  of peds, 

The kind of sur face  on which coats  a r e  observed is 
channels, pores, primary p a r t i c l e s  o r  g ra ins ,  s o i l  f r a g w n t s ,  rock fragments, 
nodules, o r  concretions. 
always given. 
of peds, t h i s  f a c t  should be recorded. 

For example, i f  c l ay  sk ins  are on v e r t i c a l  but  no t  hor izonta l  faces  

Amount.--The area occupied by a p a r t i c u l a r  sur face  f ea tu re  over the ex ten t  of 
Amount'can be character ized by a f r ac t ion  o r  percentage the  horizon is  described. 

o r  by the following c lasses :  

v ;  Very few: 
surface described 

I Feu: 
described 

2 Cornon: 
surface described 

,-+ k l l :  
j surface described 

Occupies less than  5 percent  of t he  t o t a l  area of t h e  kind of 

Occupies 5 t o  25 percent  of t h e  t o t a l  area of t he  kind of su r face  

Occupies 25 t o  50 percent  of t he  t o t a l  area of the  kind of 

Occupies more than  50 percent  of the  t o t a l  area of the kind of 

The same c lasses  are used t o  descr ibe  the amount of "bridges" connecting 
p a r t i c l e s  of s t ruc tu re l e s s  s o i l  bodies.  
percentage of p a r t i c l e s  of the size designated that ate joined t o  rd jacent  
p a r t i c l e s  of s imi la r  size by br idges a t  contact  points .  

Ihe amount is judged on the basis of the 

Distinctness.--Distinctness r e f e r s  t o  t h e  ease and degree of c e r t a i n t y  wi th  
which a surface f ea tu re  can be i d e n t i f i e d .  Dis t inc tness  is re la ted  t o  th ickness ,  
color cont ras t  with t h e  adjacent  ma te r i a l ,  and o ther  proper t ies  but is not  i t s e l f  
a measure of any one of them. 
some t h i n  ones a r e  prominent. 
markedly as amount of moisture changes; therefore ,  the soil-water s ta te  is 
epecified.  

Some t h i c k  coa ts ,  f o r  example, a r e  f a i n t ,  whereas 
The d i s t i n c t n e s s  of some surface f ea tu res  changes 

Three d i s t inc tness  classes are used. 

- Faint:  
cannot be i d e n t i f i e d  p o s i t i v e l y  i n  a l l  places  without g r e a t e r  
magnification. 
tex ture ,  and o ther  p rope r t i e s  i s  small. 

Evident only on c lose  examination with 1OX magnification and 

The con t r a s t  with the  adjacent  material i n  co lor ,  
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Dis t inc t :  
o r  tes ts  may be needed f o r  pos i t ive  iden t i f i ca t ion .  The f ea tu re  
con t r a s t s  enough v i t h  the adjacent mater ia l  t h a t  a d i f fe rence  i n  color ,  
t ex tu re ,  o r  other  propert ies  i s  evident. 

Prominent: 
sur face  broken through the  s o i l .  
o r  combination of propert ies  contrasts  sharply with proper t ies  of the 
adjacent  mater ia l ,  o r  the feature  is th ick  enough t o  be conspicuous. 

Can be detected vi thout  magnification, although magnification 

0 Conspicuous without magnification when compared with a 
Color, texture ,  o r  some o ther  property 

The order  i n  which propert ies  of a surface fea ture  are described i s  usually 
(1) amount, (2) d i s t inc tness ,  (3)  color ,  (4) t ex ture ,  ( 5 )  kind, ( 6 )  locat ion.  
These elements a r e  used t o  character ize  surface fea tures ,  though not a l l  of them 
a r e  needed f o r  a l l  descr ipt ions.  The elements t h a t  provide s i g n i f i c a n t  
information are described, but i n s ign i f i can t  o r  r epe t i t i ous  d e t a i l  i s  avoided. 
coats  on peds a r e  black and the  adjacent mater ia l  i s  l i g h t  gray, t he re  is no need 

obvious, a s  i n  most stress surfaces ,  repeating texture adds nothing. Some of the  
p rope r t i e s  are not re levant  t o  some surface fea tures ,  or cannot be determined, and 
a r e  the re fo re  omitted. Kind and locat ion a r e  e s s e n t i a l  i f  the  f ea tu re  is 
mentioned a t  a l l .  
surface f ea tu res  except i n  broad and overlapping terms. 
it i s  estimated separately.  
c l ay  sk ins  on v e r t i c a l  faces  of peds"; "continuous d i s t i n c t  brown c l ay  br idges 
betveen mineral g ra ins  ." 

If 

. t o  spec i fy  t h a t  t h e  coats  a r e  "prominent." I f  texture  of t he  sur face  f ea tu re  is 

The conventions do not character ize  the  volume occupied by 
If volume i s  important, 

Two examples: "few d i s t i n c t  grayish brown ( 1 O y R  5/2) 

Concentrations Within the 

The f ea tu res  discussed here a r e  iden t i f i ab le  bodies embedded i n  the  s o i l .  
$ome of these  bodies are t h i n  and sheet l ike;  some a r e  near ly  equidimensional; 
o thers  have i r r e g u l a r  shapes. They may cont ras t  sharply v i t h  t h e  surrounding 
mater ia l  i n  s t rength ,  composition, o r  i n t e rna l  organization. 

Nodules and concretions a r c  d i sc re t e  bodies s t rong enough and d i s t i n c t  enough 
t o  be temovedfrom the  s o i l  i n t ac t .  
uncemented but  coherent u n i t s  that  separate  from the  suirouading s o i l  along 
c l e a r l y  defined boundaries. 
l i k e  t ha t  of t h e  s o i l  t o  concentrations of nearly pure chemical compounds. They 
d i f f e r  from c r y s t a l s  8nd c lus t e r s  of c rys t a l s  i n  t h a t  t h e i r  form is not  governed 
by t h e  forms of c r y s t a l s  of r e l a t ive ly  pure substances. 
concretions a r e  c r y s t a l l i n e  o r  have c rys t a l l i ne  components, bu t  the c r y s t a l  
s t r u c t u r e  is not apparent a t  a magnification of 1OX. 

They are commonly cemented, bu t  include 

Thty range i n  composition from mater ia l  dominantly 

Some nodules and 

Nodules a r e  distinguished from concretions on the basis of internal 

Nodules lack evident order ly  in t e rna l  organization. 
organization. Concretions have crude in t e rna l  symmetry organized around a point ,  
a l i n e ,  o r  a plane. 
t yp ica l  example of a concretion organized around a poin t  is i l l u s t r a t e d  i n  f igu re  
4-20. 
a r e  c l e a r l y  v i s i b l e  t o  the naked eye. 
otherwise undi f fe ren t ia ted  body is not enough t o  j u s t i f y  use of t h e  term 
"concretion." 
i s  not  used unless i n t e rna l  organization is c l e a r l y  evident.  
hollow, l i k e  the  specimen i n  f igure  4-20 .  

A 

The i n t e r n a l  s t ruc tu re  typ ica l ly  takes t h e  form of concentr ic  l aye r s  t h a t  
A coat o r  a very t h i n  ou te r  layer of an 

Such a coat should, of course, be described. The term concretion 
Some nodules a r e  
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Nodules and concretions are distinct from inherited pieces of rock and other 
visible bodies of minerals. The distinction becomes obscure in some soils that 
contain nodules inherited from an ancient soil on another landscape, perhaps at 
some distance from where they are now found. 
some nodules and concretions formed where they are observed, SO they are described 
as they exist when the soil is described. 
transported is given separately. 
concretions.at a lithologic discontinuity is evidence of a buried erosional 
surface. 

It is impossible to be sure that 

Evidence that the material has been 
For example, a pebble band composed of 

Crystals, singly or in complex clusters, are identified i$ they can be 
distinguished from mineral grains and from crystals that are components of the 
soil. 
some soils. 
composition is given if known. 

Crystals of gypsum, calcite,.halite, and other pure compounds are common in 
These are described as crystals or clusters of crystals, and their 

Soft - accumulations contrast with the surrounding soil in color and 
composition but are not easily separated as discrete bodies, although some have 
clearly defined boundaries. 
fine crystals of gypsum or more soluble salts, or iron and manganese. 

Host soft accumulations consist of calcium carbonate, 

-- Soft rock fragments have rock structure but break down in sodium 
hexametaphosphate after overnight shaking. 
and sandstones that lack the hardness and durability of rock fragments. 

Examples are fragments of some shales 

Plinthite consists of reddish, iron-enriched bodies that are low in organic 
matter and are coherent enough to be separated readily from the surrounding soil. 
The bodies are commonly about 5 to 20 mm across their smallest dimension. 
Plinthitc bodies are firm or very firm when moist and hard or very hard when dry, 
but they can be broken by hand. They are roughly spherical, nodular, or 
platelike; if platelike, the bodies are oriented horizontally. 
plinthite rarely dry out in the natural setting. 

Soils that contain 

Field-moist and air-dry nodules or pieces of plinthite do not slake when 
immersed in water for two hours, even with very gentle agitation, but they 
generally do become less coherent after prolonged soaking. 
sample is dried, it will disperse during normal procedures for determining 
particle-size-distribution. 

After a field-moist 

Plinthite that is exposed to the atmosphere and repeated wetting and drying 
hardens irreversibly to ironstone. 
irreversibly on exposure to the atmosphere are not plinthite. Plinthite is 
defined by its hardening characteristics, not by its degree of cementation. 

Iron-enriched mottles that do not harden 

Plinthite commonly is associated with reticulately mottled horizons. The 
nodular form ir a discrete body in the soil above the reticulately mottled 
horizon. 
horizon and generally have I uniformly reddish color and sharp boundaries with the 
surrounding brown or gray material. 

The platelike bodies are in the upper part of the reticulately mottled 

Plinthite is more resistant to penetration by a knife point than adjacent 
brown or gray bodies or than red bodies that will not harden. 
stain the fingers when moist or wet. 
when the horizon is saturated. 
to penetrate with an auger than adjacent horizons that have the same moisture and 
clay content but that do not contain plinthite. 

Plinthite does not 
It has a harsh, dry feel when rubbed, even 

Horizons containing plinthite are more difficult 
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In many soils, ironstone nodules are in horizons above a horizon containing 
plinthite. These ironstone nodules are apparently plinthite that has hardened 
irreversibly. 
harden upon repeated wetting and drying but the outside half or more vi11 not. 
These iron-rich bodies may constitute 20 to 30 percent of the horizon volume but 

The part of the iron-rich body that is not plinthite 
normally stains the fingers when the saturated material is rubbed, but the 
plinthite center does not. 

At the other 'extreme, in many iron-rich bodies the center will 

. the plinthite much less. 

Describing concentrations within the s o i l  

Any of a large number of attributes of concentrations within the soil may be 
important, most commonly number or amount, size, shape,. consistence, color, 
composition, kind, and location. 
described. 
hard, light gray, carbonate nodules distributed uniformly through the horizon." 
The conventions for describing kind have been indicated in this section. 
descriptions of consistence and color follow the conventions for describing soil 
material given in other parts of this chapter. 

Amount or guantity of concentrations refers to the relative volume of a 
- 

Not all of these attributes are necessarily 
This order is convenient for describing them: "many, fine, 'irregular, 

The 

horizon or othef specified unit occupied by the bodies. 
quantity of mottles (p. 4-66) are also used for these features. 

The classes used for 

- Size may be measured directly or given by the classes listed belov. The 
dimension to which size-class limits apply depends on the shape of the body 
described. If t h e  body is nearly uniform, size is measured in the shortest 
dimension, such as the effective diameter of a cylinder or the thickness of a 
plate. For irregular bodies, size refers to the longest dimension unless that 
creates an erroneous impression; or measurements can be given if needed. The 
following size classes are used: 

Shape of bodies is variable. For field descriptions and for descriptions to 
be used by people of many interests, the cotmuon terms "rounded," "cylindrical ,'I 
"platelike," and "irregular" are suggested: 

Rounded: Approximately equidimensiooal, few sharp corners, and at least 
approximately regular. 

Cylindrical: At least crudely cylindrical or tubular; one dimension is 
much greater than the other two. 

Platelike: Shaped crudely like a plate; one dimension is very much 
smaller than the other two. 
confusion with platy structure. 

The term "platelike" is used to avoid 
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I r regular :  Characterized by branches or convoluted o r  mycel ia l  forms. 

The terms l i s ted  apply t o  concretions,  nodules, s o f t  bodies, and c l u s t e r s  of 
c rys ta l s .  The terms f o r  c r y s t a l s ,  which a r e  commonly angular,  imply shape. 
names of kinds of organized bodies general ly  do not connote shape. 
example, may be rounded, c y l i n d r i c a l ,  p l a t e l i k e ,  or i r r egu la r ,  

The 
Nodules, f o r  

Composition of bodies i s  described i f  known and i f  important f o r  
understanding t h e i r  na ture  or t he  nature ai the  s o i l  i n  which they are observed. 
Some of the physical a t t r i b u t e s  of the  interior of a f ea tu re  a r e  implied by t h e  
name. 
s imi l a r i t y ,  o r  lack  of it, t o  the  surrounding s o i l  may be important. 

Other f ea tu res  such a s  enclosed mineral grains ,  pa t t e rns  of voids ,  o r  even 

A d i s t i n c t i o n  is  made between bodies t h a t  a r e  composed dominantly of a s i n g l e  
substance and those t h a t  a r e  composed of ear thy  mater ia l  impregnated by var ious  
substances. For many bodies t h e  chemical composition cannot be de,termined wi th  
cer ta in ty  i n  the  f i e l d ,  bu t  t he  following sets of terms a r e  usefu l  f o r  descr ib ing  
composition i f  it i s  known: 

I f  the substance dominates I f  the substance impregnates 
o r  i s  conspicuous other  mater ia l  

Carbonate 
Clay 
Gypsum 
S i l i c a  
Iron 
Hanga ne s e 
S a l t  

Calcareous 
Argillaceous 
Gypsiferous 
S i l iceous  
Ferruginous 
Hanganiferous 
Sal ine 

Carbonates and i r o n  a r e  conmon substances t h a t  dominate o r  impregnate nodular 
o r  concretionary bodies.  
argi l laceous impregnations are less comnon. Hater ia l s  dominated by manganese are 
ra re ,  but  manganese i s  conspicuous i n  some nodules t h a t  a r e  high in i r o n  b u t  t h a t  
a r e  mistakenly ca l l ed  "manganese nodules ." 

Discre te  noduIes of c lay a r e  found i n  some s o i l s ;  

Cementing agents 

The presence of 8 pan i s  
of great  s ign i f icance  t o  t h e  use of many s o i l s  because it prevents o r  r e s t r i c t s  
water and root penetrat ion.  
of a pan on root  and water pene t ra t ion  through management p rac t i ces  depends on t h e  
cha rac t e r i s t i c s  of t he  cementing agent. 
horizons or pans a r e  important i nd ica to r s  of genet ic  processes. 
cementing agents i n  s o i l s  a r e  i r o n ,  organic matter, s i l i c a ,  calcium carbonate,  8nd 
gYPsum. 

Horizons t h a t  a r e  cemented a r e  o f t en  ca l l ed  "pans." 

The p o s s i b i l i t y  of eliminating the  adverse inf luence  

Like other prominent horizons,  cemented 
The comnon 

tlassive indurated o r  cemented horizons a r e  cha rac t e r i s t i c  of many s o i l s .  
Rel ic t  cemented horizons or pans may have no r e l a t ion  t o  the  e x i s t i n g  combination 
of genet ic  fac tors .  

- Iron.--Cementation by i r o n  i s  c h a r a c t e r i s t i c  of layers  formed by lowering of 
the water tab le  i n  some s o i l s .  
water, and roots may grow through cracks and other  openings. 

Hany of these hardened layers  a r e  permeable t o  
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I r o n  and,or anic matter.--Horizons cemented with iron and organic matter are 
c a l l e ~ r ~ e ~ b t e r i a l  in which iron and organic matter have accumulated 
without cementation are called "orterde.") 
thought to result from formation of complexes of organic matter and iron. 
Although ortstein forms within the zone of a fluctuating high water table, it also 
exists in well drained soils. 

The formation of these horizons is 

Silica.--Large areas exist of soils having horizons that are cemented with 
silica. These horizons are structureless or platy. In California, 
silica-cemented horizons are common on gently sloping fans of alluvium derived 
from acid igneous rocks. These cemented horizons are also present in semiarid 
parts of the United States, Australia, and other countries, mostly in nearly level 
areas. Some silica-cemented horizons are in more humid environments. 
Silica-cemented horizons inhibit water and root penetration unless they are broken 
or have fracture planes. Iron oxides and calcium carbonate may be accessory 
cementing agents. 
Treatment with hot concentrated alkali dissolves the silica cementation very 

Treatment with acid will not destroy silica cementation. 

slowly. 

-- Silica and calcium carbonate.--In arid and semiarid regions some soils have 
horizons that are cemented with a mixture of silica and calcium carbonate. These 
horizons f rcquently underlie an alkaline horizon. 
cemented horizons of this sort are important because they must be broken before 
irrigation can be successful. In arid regions the natural soil may show little 
evidence of impeded drainage that would become serious with irrigation. 

Extensive and continuous 

Calcium carbonate.--In regions where the rainfall is too low to remove all of 
the soluble minerals from the soil, calcium carbonate usually accumulates in the 
lower part of the soil. In some soils calcium carbonate accumulates as a soft - 
powdery mass, in others it accumulates in concretions, and in some it forms a 
cemented horizon. 
intermittent high vater table, although it may persist indefinitely after the 
water table is lowered. 
soil drainage. Some of these horizons that are fractured or that contain solution 
cavities seem not to cause much reduction in water movement; others do. The 
indurated accumulations of calcium carbonate are known as c r o h  calcaire or, more 
commonly in the Americas, as hardened caliche or rimply caliche. 
accumulations art prominent and thick and are not hardened they are known as - soft 
caliche or carbonate horizons. 
glacial gravel in regions as humid as Illinois and Indiana. Where the caliche is 
extensive and continuous it may inhibit the penetration of water and roots. 
Layers of caliche in roils of humid regions are not alvays continuous but may be 
interrupted at intemalr of several inches t o  a feu feet. 

The cemented horizon is often present in areas w i t h  an 

These cemented horizons vary widely in their effects on 

Where the 

Calichelike layers are present in some deposits of 

Gypsum.--Horizons cemented vith gypsum are found only in soils of rrid 
climates that formed i n  parent materials rich in gypsum. 
gypsum has accumulated are not cemented. 
United States but are common in some arid parts of Africa and Asia. 

Host horizons in which 
Gypsum-cemented horizons are rare in the 
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consistence 

So i l  consistence descr ibes  the  cohesion among s o i l  p a r t i c l e s  and t h e  adhesion 
of s o i l  t o  o ther  substances.  
(1) res is tance t o  cracking o r  breaking when force is applied ( s t r eng th ) ,  (2) force  
required t o  deform but  not rupture  s o i l  mater ia l  ( p l a s t i c i t y ) ,  (3) degree t o  which 
s o i l  material  adheres t o  o the r  ob jec ts  ( s t ick iness) ,  and (4) behavior of s o i l  
material  as  it deforms when force  is applied (smeariness and f l u i d i t y ) .  

Consistence may be described i n  terms of 

The reac t ion  of s o i l  when force  is applied is  closely r e l a t ed  t o  t h e  
soil-water state.  
soil-water state is spec i f ied  o r  i s  implied by the  term used. 
determined both when the  s o i l  i s  a i r  dry and when it is a t  f i e l d  moisture  
capacity; i f  t he  mater ia l  i s  cemented, s t rength  is  determined a f t e r  t h e  sample has 
soaked fo r  one hour. P l a s t i c i t y  i s  determined a t  the  p l a s t i c  l i m i t ,  s t i c k i n e s s  a t  
the water content of maximum s t i ck iness ,  smeariness a t  f i e l d  capaci ty ,  and 
f l u i d i t y  under n a t u r a l  f i e l d  conditions.  

A descr ip t ion  of consistence has l i t t l e  meaning unless  t h e  
S t rength  is  

In addi t ion t o  the terms described here ,  a number of o thers  can be used, as 
defined i n  standard d i c t i o n a r i e s ,  t o  ind ica te  unusual conditions. 
include b r i t t l e ,  crumbly, dense, e l a s t i c ,  ' f luffy! w a l y ,  mellow, r i g i d ,  spongy, 
s t i f f ,  t i g h t ,  and tough. 
fragipans o r  f ragipanl ike layers .  
b r i t t l e  t o  some degree; thus  only evaluat ions of b r i t t l e n e s s  made when t h e  s o i l  is 
moist a r e  useful .  
such c lasses  a r e  used, they  can be defined loca l ly .  

These terms 

Brittle, f o r  example, 1s comonly used in descr ib ing  
Host d ty  s o i l  mater ia l ,  i f  a t  a l l  coherent,  is  

Classes of b r i t t l e n e s s  a r e  not  designated in this manual. I f  

Strength 

Soi l  s t r eng th  i s  t h e  degree of res i s tance  t o  breaking or crushing when fo rce  
is applied. 
used t o  descr ibe s t r eng th  a r e  s p e c i f i c  t o  the  moisture condition. 
material  i s  a i r  dry,  s t r eng th  is  described as loose,  s o f t ,  s l i g h t l y  - hard,  - 9  hard 
very hard, o r  extremely w; and when a t  f i e l d  moisture capaci ty  as loose ,  v e q  
f r i ab le ,  f r i a b l e ,  firm, very f i r m ,  o r  extremely e. 
evaluated both dry and af ter  it has soaked f o r  one hour and is descr ibed as weaklp 

I t  is evaluated under th ree  d i f f e r e n t  moisture conditions.  The terms 
When uncemented 

Cemented material is  

cemented, s t rongly cemented, or indurated.  

A specimen f o r  t e s t i n g  s t r eng th  is a cube about 25 m on each s i d e  i f  such a 
cube can be removed from t h e  s o i l .  
it w i l l  not hold together  i n  a cube. 
peds a re  less than 25 mn across ,  a ped of common size i r  used. 

In some p laces . the  mater ia l  is so loose  t ha t  
Where s t ruc tu re  is moderate or s t rong  and 

The cube o r  ped is squeezed on opposite v e r t i c a l  s ides  f o r  no longer  than  5 
seconds. 18/ The force  needed t o  crush o r  break the  specimen i s  recorded. Table 
4-6 def ines  the  s t r eng th  c l a s ses  by measured force ( i n  newtons) ,or energy ( i n  
jou les )  and by t h e  f i e l d  methods used t o  evaluate  s o i l  s t rength.  

I f  s i g n i f i c a n t l y  less fo rce  is required t o  separate  adjacent  peds than  t o  
break a ped, a s  i n  s o i l s  t h a t  have moderate o r  s t rong s t ruc tu re ,  the f o r c e  
required t o  separa te  t h e  peds should be reported: 
separate peds when dry,  s l i g h t  force  when moist." 

"very s l i g h t  force  requi red  t o  
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tlaterial is cemented if an air dry test specimen does not slake after being 
immersed i n  water for one hour. 
cemented. 

If the specimen slakes it is not considered to be 

Cemented soil material has at least a brittle, hard consistence caused by 
Calcium carbonate, silica, or oxides or some cementing agent other than clay. 

salts of iron and aluminum are common cementing materials. 
of cemented material is altered little if any by wetting: 
brittleness persist in the wet soil. 
resist moistening but soften under prolonged wetting, occur in some soils and form 
layers having cementation that is pronounced vhen dry but very weak when vet. A 
simple description of cementation implies that the cementation is altered little 
by wetting. 
cementation classes under both wet and dry conditions are given. 
be either continuous or discontinuous within a given horizon. 

In many soils strength 
the hardness and 

Semireversible cements, which generally. 

If the strength is altered significantly by prolonged wetting, 
Cementation can 

Plasticity 

Plasticity is the degree to which soil is permanently deformed, vithout 
rupturing, by force applied continuously-in any direction. 
determined in the field using material smaller than 2 mn. 

Plasticity is 

A ball of wet soil is rolled between the hands until a thread 3 m~ in 
diameter can be formed. 
the thread begins to break. 
Plasticity terms are based on degree of resistance to dcfo-tion a t  tbe moisture 
content just before the 3-mm thread breaks: 

If a thread can be formed, the rolling is continued until 
The thread breaks a t  approximately the plastic limit. 

Nonplastic: 
Slightly plastic: 
slight force. 

No thread can be formed. 
Thread can be formed and mass is deformed by very 

Plastic: 
Very plastic: 
strong force. 

Thread can be foxmed and mass is deformed by slight force. 
Thread can be formed and mass is deformed by moderate or 

Stickiness 

Stickiness refers to the capacity of a soil to adhere to other objects. It 
is determined in the field at the water content 8t which the material is most 
sticky. 

Haterial smaller than 2 am is evaluated. The sample is crushed in the hand 
and moisture is.applied while manipulating the sample between thumb and forefinger 
until maximum stickiness is reached. The classes of StiCkineS8 follow: 

Nonsticky: 
adheres to thumb or forefinger. 

perceptibly to both thumb and forefinger, but 8S the fingers are 
separated, the material tends to come off one or the other rather 
cleanly. 
forefinger are separated. 

After release of pressure, practically no soil material 

. Slightly sticky: After release of pressure, soil material adheres 

The material does not stretch appreciably when the thumb and 
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Sticky:  After re lease  of pressure,  s o i l  mater ia l  adheres t o  both thumb 
and fo re f inge r  and tends t o  s t r e t c h  s l i g h t l y  r a the r  than p u l l  completely 
f r e e  from e i t h e r  f inger .  
Very s t i cky :  Af te r  re lease  of pressure,  s o i l  mater ia l  adheres  so 
s t rongly  t o  both thumb and foref inger  t h a t  i t  s t r e t c h e s  decidedly when 
t h e  f inge r s  a r e  separated,  and s o i l  mater ia l  remains on both f inge r s .  

Smeariness 

' The ex ten t  t o  which a s o i l  exh ib i t s  smeariness determines whether o r  no t  it ' 
Thixotropy is  the  property exhibi ted by var ious g e l s  of becoming i s  th ixot ropic .  

f l u i d  when dis turbed and of s e t t i n g  again t o  a ge l  when allowed t o  s tand .  
kinds of t h ixo t rop ic  substances have been iden t i f i ed  and s tudied ,  inc luding  some 
volcanic  ash ge l s ,  sesquioxide gels, kao l in i t e  ge l s ,  montmoril lonite g e l s ,  and 
d r i l l i n g  muds. Thixotropy apparently i s  the  r e s u l t  of s t r u c t u r e  t h a t ,  i f  broken ' 

down, can rebui ld  i t s e l f .  
act ions--agi ta t ion,  shear ing,  even u l t r a son ic  waves. 

Uany 

The breakdown may be caused by any of s e v e r a l  

Some s o i l s  a r e  composed of a mixture of d i s c r e t e  mineral p a r t i c l e s  and ge l s  
and have th ixo t rop ic  proper t ies .  
l i qu id  (water) i n  a framework of s o l i d  mater ia l .  
s o l i d  when undisturbed, bu t  pressure  causes the  mater ia l  t o  smear. 
th ixot ropic  mater ia l  is s t rong ly  smeary and some dehydrates i r r e v e r s i b l y  on 
drying. 

The ge l  por t ion  is a c o l l o i d a l  suspension of 
The mater ia l  has p r o p e r t i e s  of a 

Highly 

In evalua t ing  t h i x o t r o p i c  s o i l  mater ia l ,  force  i s  appl ied t o  a s tandard  test '% ' specimen a t  f i e l d  moisture  capaci ty  u n t i l  it smears. 
degree of force  appl ied.  

Classes are based on t h e  

Weakly smeary: 
fo re f inge r ,  t h e  s o i l  mater ia l  changes suddenly t o  f l u i d ,  t h e  f inge r s  
sk id ,  and t h e  s o i l  smears. After  t h e  s o i l  smears, l i t t l e  o r  no free 
water remains on the f ingers .  
Moderately smeaq:  Under moderate force  between thumb and fo re f inge r ,  
t h e  s o i l  ma te r i a l  changes suddenly t o  f l u i d ,  t h e  f i n g e r s  sk id ,  and t h e  
s o i l  smears. After t h e  s o i l  smears, some free water remains on t h e  
f inge r s  . 
Strongly smeary: 
s o i l  mater ia l  suddenly changes t o  f l u i d ,  t h e  f inge r s  sk id ,  and t h e  s o i l  
smears and is  very s l ippery .  
e a s i l y  seen on t h e  f ingers .  

Under moderately s t rong force between thumb and 

Under s l i g h t  force  between thumb and fo re f inge r ,  t h e  

After  t he  s o i l  smears, f r e e  water is  

F lu id i ty  

S o i l s  t h a t  a r e  sa tu ra t ed  much of the  t i m e  a r e  l i k e l y  t o  have a ' v e r y  l o w  
They behave l i k e  l i qu ids  and flow under pressure .  bearing capaci ty  when w e t .  

This kind of y i e ld ing  is  c a l l e d  f l u i d i t y .  
fo r  c l a s s i fy ing  nonthixotropic  s o i l s  i n  the  f i e l d .  
the  common na tu ra l  moisture content.  
8 cm (a handful) is  squeezed. 
f ingers  determines t h e  c l a s s :  

TWO c lasses  of f l u i d i t y  are provided 
The c l a s ses  a r e  determined a t  

A roughly egg-shaped specimen about  4 em by 
The amount of mater ia l  t h a t  flows through t h e  
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Sl igh t ly  f lu id :  
tends t o  flow between the f inge r s ,  b u t  a f t e r  f u l l  pressure i s  applied 
most of the residue is  l e f t  i n  t he  hand 

When a specimen is  squeezed i n  the hand, some material  

(n = 0.7-1.0). E/ 
Very f lu id :  
flows e a s i l y  between the  f inge r s ,  and a f t e r  f u l l  pressure is applied 
l i t t l e  or  no residue i s  l e f t  i n  the  hand (n = 1.0 or more). g/ 

When a specimen is squeezed i n  the hand, soil material  

Pores - 

, The volume of pore space i n  mineral s o i l s  ranges generally from one-third t o  
two-thirds of the t o t a l  volume; the  average is probably about one-half. Pores i n  
soils a r e  caused ch ief ly  by the  aggregation of primary p a r t i c l e s ;  by the  
i r r egu la r ly  rounded and angular shapes of mineral p a r t i c l e s ;  by the ac t ion  of 
roots ;  by the burrowing of i n sec t s ,  worms, and o ther  animals; and by entrapment of 
gases. 

The pore space i n  s o i l s  can be considered a s  a v a s t  interconnected network of  
voids extending i n  a l l  d i rec t ions .  
t h e i r  movement, contain most of t he  l i v i n g  organisms i n  the  s o i l ,  and provide 
space f o r  roots  t o  develop. When t he  s o i l  contains  free water, the  movement of 
water i s  very closely re la ted  t o  the  con t inu i ty  of even a few voids l a rge r  than 
0.1 mm. 
from descr ipt ions of texture,  s t r u c t u r e ,  consis tence,  root d i s t r ibu t ion ,  and 
perhaps o ther  proper t ies  t h a t  a r e  rout ine ly  described; ye t  addi t ional  d i r e c t  
information about pores can be usefu l  and should be recorded in f i e l d  descr ipt ions 
of s o i l s .  

The voids  hold l i qu ids  and gases and regulate  

fluch about the  general  na ture  of t h e  pores i n  a horizon can be infer red  

n 

No prac t i ca l  f i e l d  method f o r  descr ib ing  t h e  i n t r i c a t e  aetvork of 
interconnected voids c h a r a c t e r i s t i c  of a l l  s o i l s  is known. 
pores should emphasize the  pores t h a t  can be seen without magnification--those 
brought about by the  ac t ion  of roots ,  animals, and entrapment of air--and any 
unusual arrangement i n  the p a t t e r n  of voids.  

F ie ld  descr ipt ions of 

Pores are described in terms of (1) quant i ty ,  (2) size, and (3) shape, 
usual ly  i n  t ha t  order. Four size c l a s ses  of pores  a r e  recognized: 

Very f ine :  
Fine: 0 . 5  t o  2 nun i n  diameter 
fledium: 2 t o  5 m i n  diameter 
Coarse: more than 5 mu i n  diameter 

Less than 0.5 am i n  diameter 

Pores smaller than 0.075 mm i n  diameter a r e  micro pores and may be described 
separa te ly ,  though t h i s  i s  r a re ly  p r a c t i c a l  in fieldwork. 

Quantity c lasses  of pores a r e  def ined in terms of  numbers 9f each kind and 
f o r  medium and 

' 

2 size  per  unit area--1 cm 
coarse pores. 
t he  following quant i ty  c lasses:  

for very f i n e  and f i n e  pores and 1 dm 
A l l  pores smaller than 10 ann i n  diameter a r e  described i n  terms of 
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Few: - 
Common: 
w: 

Less than 1 per un i t  area of the spec i f ied  s i z e  
1 t o  5 per u n i t  area of the spec i f ied  s i z e  

Hore than 5 per un i t  area of the spec i f ied  s ize  

Pores l a rge r  than 10 mm i n  diameter may be described separa te ly .  I f  
described separa te ly  they a re  counted, and the number and the  propor t ion  of the 
cross  sec t ion  they occupy is  recorded. 

. 

Host pores described w i l l  be e i t h e r  ves icu lar  (approximately sphe r i ca l  o r  
e l l i p t i c a l ) ,  o r  tubular  (approximately cy l indr ica l  and elongated).  
i r r egu la r ly  shaped and can be described simply a s  "irregular";  or ,  i f  s i g n i f i c a n t ,  
the  shape can be recorded. 

Some a r e  

Pores a r e  assumed t o  be within the  ped ( i f  a s o i l  has peds) unless otherwise 
noted. 
and exped pores (along t h e  in te r faces  between peds). 

If pores a r e  or iented in an unusual d i rec t ion ,  i f  they a r e  concentrated i n  
one pa r t  of a layer ,  i f  o ther  spec ia l  conditions p reva i l  (such a s  t u b u l a r  pores 
plugged with clay a t  both ends), o r  i f  there  a r e  other  f ea tu res  t h a t  might help 
the  reader understand the  genesis of the  s o i l  or pred ic t  behavior,  t h e s e  f ea tu res  
a r e  added. ''many f i n e  t u b u l a r  pores," 
"few f i n e  inped tubular  pores and many medium exped tubular  pores," "many medium 
ves icu lar  pores in a horizontal  band about 1 cm wide a t  the bottom of  horizon." 

In some cases it may be appropriate t o  specify inped pores  (within peds) 

Some examples of descr ipt ions of pores: 

I 

' I  

Roots and Animals i n  S o i l s  

The roots  of p l a n t s  and the t r aces  of animals i n  a s o i l  i n d i c a t e  
re la t ionships  of s o i l  p roper t ies  t o  the  habi t s  and adaptat ions of organisms. 
of the  fea tures  t h a t  organisms leave i n  the  s o i l  a r e  major p r o p e r t i e s  of s p e c i f i c  
kinds of s o i l ;  o ther  f ea tu res  a r e  c lues  t o  s o i l  p roper t ies  that a r e  favorable  o r  
unfavorable f o r  l i v i n g  things.  

The absence of evidence of p l an t s  or animals may be equal ly  s i g n i f i c a n t  and 
is recorded wherever t h e r e  i s  reason t o  bel ieve that  the  l ack  of organisms 
r e f l e c t s  unfavorable condi t ions i n  the  s o i l .  

Some 

The s igni f icance  of many f ea tu res  is  not  known. 

Roots and Root Traces ---- 
The quant i ty ,  size, and loca t ion  of roots  i n  each l a y e r  are recorded i n  s o i l  

descr ipt ions.  
recorded. The r e l a t ionsh ips  of root  d i s t r ibu t ion  t o  s p e c i a l  s o i l  a t t r i b u t e s  or t o  
structure-as well as f ea tu res  of the  roots  themselves such as length ,  f l a t t e n i n g ,  
nodulation, and lesions-are important and a r e  recorded as s p e c i a l  notes .  

Roots a r e  described i n  terms of a specif ied size and quant i ty .  

The conventions t h a t  follow provide the  minimum d e t a i l  t o  be 

The size 
c lasses  are: 
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Very f ine :  
Fine: 1 t o  2 mm i n  diameter 
Medium: 2 t o  5 mm i n  diameter 
Coarse: 

Less than 1 IUU i n  diameter 
- 

5 mm o r  l a rge r  i n  diameter 

Quant i ty  c lasses  of roots  are defined i n  terms of numbers of each s i z e  per  
u n i t  area--1 square centimeter f o r  very f i n e  and f i n e  roots  and 1 square decimeter 
f u r  medium and coarse roots.  A l l  r oo t s  smaller  than 10 m i n  diameter a r e  
described in terms of the  following quant i ty  c lasses :  

Few: - ,Less  than 1 per  u n i t  area of t h e  spec i f i ed  size 
Common: 
H a n y :  

1 t o  5 per  u n i t  a r ea  of t he  spec i f i ed  s i z e  
Hore than 5 per  unit area of t h e  Specif ied size - 

Roots la rger  than 10 mm i n  diameter may be described separately.  I f  
described separa te ly  they a re  counted and the  number p e r  u n i t  cross sec t ion  is 
recorded. The s i z e  range, ac tua l  numbers of roots ,  and dimensions of t he  c ross  
sec t ion  a r e  recorded. 
t he  cross sec t ion  t h a t  they occupy can be estimated and noted. 

I f  t he  s o i l  contains  many l a r g e r  roots ,  the percentage of 

The loca t ion  of roots  within a l a y e r  i s  described i n  r e l a t i o n  t o  other  
fea tures  of t h e  layer .  
and other  fea tures  a r e  described a s  appropriate .  
example, whether roots  a r e  ins ide  peds o r  only follow p a r t i n g  planes between peds. 

Quant i ty ,  
size, locat ion is a convenient order: "Many very f i n e  and common f i n e  roots'l 
(implying t h a t  roo ts  a r e  uniformly d i s t r i b u t e d ,  s ince  loca t ion  is not  given); 
"Common very f i n e  and common f i n e  roots  concentrated along v e r t i c a l  faces  of 
peds"; "Common very f i n e  roots  i n s ide  peds, many medium roots  between peds." 

In addi t ion  t o  describing roots  l a y e r  by l aye r ,  t h e  ove ra l l  impression of the 
development of the  root system i n  t h e  pedon is  described t o  give a r e l i a b l e  
es t imate  of the  rooting volume of t h e  s o i l .  
correspond t o  s o i l  horizons; therefore ,  a summary statement of root development by 
increments of 15 cm o r  30 an o r  some other  convenient thickness is o f t en  he lpfu l  
i n  descr ibing the  e f f ec t ive  depth of  roo t  pene t ra t ion  and the extent  of  their 
l a t e r a l  d i s t r ibu t ion .  
t he  s o i l  used by roots  i n  the  cur ren t  year.  
i s  involved. 

Relationships t o  l a y e r  boundaries,  animal t r aces ,  pores,  
The descr ip t ion  ind ica tes ,  f o r  

Descriptive terms f o r  roots  a r e  l i s t e d  i n  a cons is ten t  order.  - 

The p a t t e r n  of root  growth may not  

For a ~ w l  p l a n t s  t h i s  provides information OD the p a r t  of 
For perennia l  p l an t s  a longer per iod 

In many s o i l s  the  root  d i s t r i b u t i o n  f o r  a pedon may be sumpatized by groups 

For example, i n  8 s o i l  
of two or more layerss .  
s i g n i f i c a n t  changes i n  root  d i s t r i b u t i o n  o r  penetrat ion.  
having a s t rongly developed clayey i l l u v i a l  t+orizon and a horizon sequence of 
Ap-A-El-E2-Btl-BtZ, root  development might be similar throughout t he  A horizon, 
d i f f e r e n t  i n  the  E horizon, and s t i l l  d i f f e r e n t  i n  t h e  B horizon but  similar 
throughout t he  B. 
and B horizons. 

Boundaries between groups of layers  rre chosen t o  reflect 

Thus, root  d i s t r i b u t i o n  can be described simply f o r  the A, E, 

Root d i s t r i b u t i o n  va r i e s  with type of p l an t ,  with the  s tage  of growth of the 
p lan t ,  and sometimes with p l an t  va r i e ty .  
being described i n ' a  s o i l  should be r e l a t ed  a s  f a r  as possible  t o  s p e c i f i c  kinds 
of p lan ts  and t h e i r  s tage of growth. 
unfortunately the systems of many p l a n t s  a r e  not well known. 

Thus, t h e  root  d i s t r i b u t i o n  pa t t e rn  

P lan ts  have c h a r a c t e r i s t i c  root  systems, bu t  
For example, a crop 
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such as  corn growing i n  a deep, un res t r i c t ive  s o i l  i n  an average year  i n  a humid, 
temperate c l imate ,  a s  i n  the  cen t r a l  Corn Bel t ,  tends t o  have 65 t o  about 85 
percent of t h e  i t s  roots in  t h e  top 30 cm of s o i l .  The amount of roo ts  decreases 
rapidly w i t h  depth,  and general ly  only a few percent of the  t o t a l  roo t  mass i s  
below a depth of 120 cm. The b e t t e r  the cha rac t e r i s t i c  roo t  system of a p l an t  i s  
known, the  easier i s  r e l a t i n g  development of a root  system i n  a given s o i l  t o  the 
more or less i d e a l  root ing pa t te rn .  

In  annual crops, such as corn, t he  e f f e c t  of the  s o i l  on root ing  p a t t e r n s  and 
the e f f e c t  of t he  root  system on the s o i l  a r e  best evaluated a f t e r  e a r l y  maturi ty ,  
when the roo t  system has reached maximum development. 
de t e r io ra t e  s i g n i f i c a n t l y  f o r  a few months a f t e r  a crop reaches matur i ty  o r  a t r e e  
i s  cut .  

Usually roo t s  do not  

The e f f e c t i v e  depth of root  penetrat ion i n  a s o i l  i s  d i f f i c u l t  t o  determine 
because the  volume o r  depth of s o i l  u t i l i z e d  by roots  f o r  water and n u t r i e n t s  
var ies  with s o i l  p rope r t i e s  such as  t ex ture ,  s t ruc tu re ,  poros i ty ,  and base 
sa tura t ion .  
not be very e f f e c t i v e  i n  absorbing water and nu t r i en t s .  
system of "few" roots  probably i s  unable t o  contr ibute  much t o  t h e  sustenance of 
plants .  

The channels l e f t  by roots  t h a t  have.died and the  dead roots  themselves a r e  
sometimes c lues  t o  s o i l  p rope r t i e s  t h a t  change with time. 
d i s t r ibu t ion  of roots  and channels l e f t  by dead roots  of red p ine  i n  some s o i l s  
suggests t h a t  roots  of red pine may grow normally f o r  a few years  i n  t h e s e  s o i l s ,  
only t o  be k i l l e d  when the  s o i l s  are saturated f o r  a long per iod.  
channels and dead roots  may be described, but root  channels are o f t e n  described a s  
pores-. 
"rhizoconcretions" i n  some moderately wet s o i l s .  
tubules of charcoal r e su l t i ng  from f o r e s t  f i r e s .  

i n  many cases may be described a s  pores. Hany of these  t r a c e s  have organic-  
coatings o r  l i n ings  and a r e  below the  normal root ing depth of  annual crops,  
suggesting t h a t  they were le f t  by deeper root ing systems of n a t i v e  perennia l  
plants .  

In a l aye r  with less than "few" roots ,  t he  roo t  system probably would 
In f a c t  i n  many s o i l s ,  a 

For example, t h e  

Both roo t  

Some root  channels a r e  marked by spec ia l  morphological f e a t u r e s ,  such a s  -' 

Some root  t r a c e s  appear as long 

Root t r a c e s  i n  deep l aye r s  (C l ayers ,  f o r  example) may p e r s i s t  f o r  years  and 

Animals and Their  Traces --- 
nixing,  changing, and moving of s o i l  mater ia l  by animals i s ' a  major f a c t o r  

a f fec t ing  p rope r t i e s  of some s o i l s .  
gophers, shrews, woodchucks, s q u i r r e l s ,  and rabbi t s  a r e  examples. Crayfish a r e  
ac t ive  i n  some areas .  
mil l ipedes,  a n t s ,  and t h e  l i k e  r i d d l e  the  uppermost horizons of some s o i l s ,  and 
some burrows penet ra te  deeply i n t o  the spil. 
soil-dwelling animals pass  s o i l  and p lan t  mater ia l  through t h e i r  d i g e s t i v e  t r a c t s  
and leave cas t ings  of f e c a l  mater ia l  i n  t h e i r  channels o r  i n  t h e  s o i l .  
s t ruc tu res  l e f t  by some animals r e f l e c t  mainly mixing o r  t r anspor t  of material 
from one p a r t  of the  s o i l  t o  another o r  t o  the surface.  The ma te r i a l  of o the r  
s t ruc tu res  i s  s u b s t a n t i a l l y  modified physical ly  or chemically. 

Ac t iv i t i e s  of p r a i r i e  dogs, moles, mice, 

Small burrows of earthworms, bee t l e s ,  c icada l a m a e ,  

Earthworms and some o t h e r  

The 

Krotovinas a r e  i r r e g u l a r  tubular  s t reaks  within one l a y e r  of m a t e r i a l  
transported from another  layer .  They a re  caused by the  f i l l i n g  of tunnels  made by 
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burrowing animals i n  one l aye r  with mater ia l  from outside the  layer .  
they appear a s  rounded o r  e l l i p t i c a l  spo t s  of various s izes .  
l i g h t  color i n  dark l aye r s  or a dark color i n  l i g h t  layers ,  and t h e i r  o ther  
qua l i t i e s  of tex ture  and s t ruc tu re  may be unl ike those of the s o i l  around them. 
Animals connnonly responsible f o r  t he  presence of krotovinas a r e  rodents and 
crayfish.  
burrows of  crayfish i n  poorly drained s o i l s .  
dark-colored s o i l s  t h a t  developed under grass. 

In a p r o f i l e  
They may have a 

The burrows of rodents a r e  usua l ly  found i n  well-drained s o i l s ,  and the  
Krotovinas a r e  a common fea tu re  of 

Wany animals play an important ro l e  i n  t h e  decomposition of organic mater ia l .  
Earthworms, an t s ,  and termites a r e  among t he  well known examples. 
the  surface layer  cons is t s  mostly of worm c a s t s ,  and the underlying l aye r s  Contain 
many f i l l e d  worn channels. 
from a c t i v i t i e s  of termites and earthworms. Mites, mill ipedes,  s p r i n g t a i l s ,  
various beet les  and flies, s lugs and s n a i l s ,  and segmented worms a l s o  a f f e c t  
s o i l s .  
a r e  the s t ruc tures  formed by burrowing and mixing, though perhaps they a r e  no less 
important. 
the  consumption of l ea f  t i s s u e  on t he  f o r e s t  f l o o r  o r  the f eca l  c a s t s  l e f t  behind, 
a r e  described. 
the amount and s igni f icance  of the  a c t i v i t y .  

In some s o i l s  

D i s t inc t ive  horizons of some t rop ica l  s o i l s  r e s u l t  

The e f f e c t s  of these  animals a r e  less e a s i l y  observed and evaluated than  

Generally, only t h e  most obvious marks of these a c t i v i t i e s ,  such a s  

Even f o r  these,  spec ia l  s t u d i e s  a r e  usually necessary t o  es t imate  

The s o i l  harbors a hos t  of small animals that  e i t h e r  prey on o the r  animal 
l i f e  or a t tack  l i v i n g  p lan ts .  Ants, cent ipedes,  and sp iders  a r e  examples of 
predators t h a t  probably a f f e c t  physical  p rope r t i e s  of s o i l s .  
insec ts  t h a t  a r e  p a r a s i t i c  t o  p l an t s  pupate i n  the s o i l .  
predatory animals inhabi t  the s o i l .  Their  e f f e c t s  on the  s o i l  a r e  v i r t u a l l y  
unknown. 
s o i l  is probably beyond the  scope of s o i l  survey operations,  bu t  t he  obvious 
e f f ec t s  can be noted. 

A l a r g e  number of 
Other small p a r a s i t i c  o r  

Determination of the impact of most small animals of these  kinds on t h e  

A spectacular  example i s  i l l u s t r a t e d  by f igu re  4-21. 

The a c t i v i t i e s  of animals i n  r e l a t i o n  t o  the d i f f e ren t  kinds of s o i l  should 
be recorded routinely.  
p r inc ip les  of the ecology of animals i n  the s o i l  and the p r inc ipa l  kinds of 
animals important i n  a s o i l  survey area. 
zoologists f o r  advice about techniques f o r  t he  simplest  observations needed. 
some surveys, they can i n t e r e s t  p rofess iona l  zoologis ts  i n  cooperative s tud ie s  of 
problems of common concern. 

A t  present ,  guidel ines  f o r  descr ibing t h e  animal populations of s o i l s  and 
t h e i r  a c t i v i t i e s  a r e  necessar i ly  general .  
animals produce on t he  sur face  is the most obvious and e a s i e s t  p lace  t o  s tar t ,  
Termit mounds, a n t  h i l l s ,  heaps of excavated e a r t h  beside burrows, the openings of 
burrows themselves, paths ,  feeding grounds, earthworm or o ther  cas t ings ,  and o the r  
t r aces  on the  surface a r e  e a s i l y  observed and described. Simple measurements and 
estimates--such as t h e  number of s t r u c t u r e s  per  u n i t  area, proport ionate  a rea  
occupied, volume of above-ground s t ructures--give quant i ta t ive  values  t h a t  can be 
used t o  ca lcu la te  t he  ex ten t  of a c t i v i t y  and even the  number of organisms. These 
kinds of records can e a s i l y  be kept and c l a s s i f i e d  by map units, and act ivi t ies  of 
d i f f e ren t  animals can be r e l a t ed  t o  s p e c i f i c  kinds of s o i l .  

S o i l  s c i e n t i s t s  should l ea rn  a t  l e a s t  the  elementary 

They can obtain the  help of profess iona l  
In 

An assessment of the  s t r u c t u r e s  t h a t  

The marks and s t r u c t u r e s  of animals below the surface a r e  more d i f f i c u l t  t o  
observe and measure. 
dug t o  describe pedons o r  t o  col lect ,specimens of s o i l  mater ia l .  
s o i l  t h a t  can be s tudied limits observations of a c t i v i t i e s  of animals within t h e  

Observations are confined mainly t o  places  where p i t s  a r e  
The volume of 
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s o i l .  Unless the  spacing of s t ruc tu res ,  o r  of the  animals, i s  l e s s  than the  
horizontal  dimensions of a pedon and i s  reasonably uniform, the  size of the  sample 
volume seen is usual ly  too  small  t o  support va l id  conclusions. But f o r  a c t i v i t i e s  
of many kinds of animals, t h e  normal sample of pedons f o r  so i l ' cha rac t e r i za t ion  
provides a s  v a l i d  an est imate  of t h e  nature  of s t ruc tu res  made by animdls, t h e  
volume of s o i l  a f fec ted ,  and the  depth of s o i l  penetrated by animals a s  it does 
fo r  the i n t e r n a l  proper t ies  of the  s o i l s .  There comonly a r e  enough earthworm 
burrovs, rodent burrows, and i n s e c t  cas t ings  t o  permit reasonable estimates from 
the sampling t h a t  i s  f eas ib l e .  

. 

The s t ruc tu res  produced by animals i n  the s o i l  a r e  described i n  terms of 
amount, loca t ion ,  size,  shape, and arrangement, and a l s o  i n  terms of t h e  co lor ,  
texture ,  composition, and o ther  proper t ies  of t h e  component mater ia l .  
structures produced by animals a r e  so varied t h a t  no spec ia l  conventions a r e  
suggested f o r  descr ibing them. 
s t ruc tures  produced by animals are given. 
most e f f ec t ive  when common words i n  t h e i r  standard d ic t ionary  meanings a r e  used i n  
conjunction with the  spec ia l  terms f o r  s o i l  p roper t ies  and morphological f ea tu re s  
described elsewhere i n  t h i s  manual. 

: 
The 

To the  ex ten t  f eas ib l e ,  quan t i t a t ive  estimates of 
The descr ip t ions  of animal t r a c e s  are 

Selected Chemical Proper t ies ,  

This sec t ion  discusses  se lec ted  chemical p rope r t i e s  t h a t  a r e  important f o r  
describing and ident i fy ing  s o i l s  and t h a t  can be determined i n  the f i e l d  o r  f i e l d  
off ice .  

React ion 

The numerical designat ion of react ion is expressed as pH. W i t h  t h i s  
notation, pH 7 i s  neut ra l .  
greater  a l k a l i n i t y .  
more than 11.0, although when some na tu ra l ly  w e t  s o i l s  that contain s u l f i d e s  a r e  
drained, s u l f u r i c  ac id  forms and pH decreases t o  below 2.0. 

Lower values ind ica t e  g rea t e r  ac id i ty ;  higher  values ,  
S o i l s  range i n  pH from a l i t t l e  less than 2.0 t o  a l i t t l e  

The descr ip t ive  terms t o  use f o r  ranges i n  pE are  as follows: 

PH Pa 
Extremely ac id  ........... Less than 4.5 Neutral........ ......... 6.6 - 7.3 

Hildly 8 l k 8 l i m  ......... 7.4 - 7.8 
Moderately a lka l ine . .  .. .7.9 - 8.4 
Strongly alkaline.......8.5 - 9.0 
Very s t rongly  alk8line..Hore than 9.0 

Very st rongly acid. .  .... .4.S - 5.0' 
Strongly ac id  ............ 5.1 - 5.5 
Moderately ac id  .......... 5.6 - 6.0 
S l igh t ly  ac id  ............ 6.1 - 6.5 

Within a l imi ted  range of s o i l  p roper t ies  such as is l i k e l y  t o  be observed i n  
a s ing le  survey, pH is a very usefu l  ind ica tor  of base s t a t u s ,  degree of 
weathering, amount of leaching,  a v a i l a b i l i t y  of s o w  p l a n t  nu t r i en t s ,  and t o x i c i t y  
t o  various p lan ts .  However, re la t ionships  es tab l i shed  f o r  one kind of s o i l  cannot 
be extended t o  other  kinds of s o i l  without ve r i f i ca t ion .  
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For s imi la r  kinds of soi l . ,  pH general ly  r e f l e c t s  the  base s t a t u s .  The more 
acid s o i l s  have a lower proportion of exchangeable bases r e l a t i v e  t o  exchangeable 
hydrogen than less ac id  (or  more a lka l ine )  s o i l s . .  Base s t a t u s ,  considered with 
the  other  properties '  , permits many inferences about weathering, leaching, 
composition of parent  mater ia l ,  t h e  e f f e c t s  of climate and vegetat ion,  and the  
l i k e .  
u se  i n  f i e l d  o f f i c e s .  

A quan t i t a t ive  method f o r  determining base sa tura t ion  has been adapted f o r  
This  method w i l l  be described i n  Chapter 8. 

Hany, but not a l l ,  s o i l  mater ia l s  having pH between 8.0 and 8.5 contain 
carbonates of d iva len t  ca t ions .  
s ign i f i can t  amounts of exchangeable sodium. 
l i k e l y  t o  have l a rge  amounts of exchangeable aluminum, and p l an t s  growing in them 
a r e  l i k e l y  t o  be a f f ec t ed  by aluminum tox ic i ty .  
s imi la r  re la t ionships  a r e  assembled f o r  individual  areas ,  and t h e  s ign i f i cance  of 
s o i l  react ion i s  evaluated f o r  s o i l s  i n  the  area. Chapter 8 w i l l  d i scuss  f a c t o r s  
t h a t  a f f ec t  measurement of react ion.  

S o i l s  having pH above 8.5 a r e  l i k e l y  t o  have 
So i l s  having pH less than 5.2 a r e  

Available information about ' 

Heasuring pH in t he  f i e l d  

Both color imetr ic  and e lec t romet r ic  methods a r e  used f o r  measuring pH. Each 
method has advantages. 
they a re  used most commonly f o r  measuring pH i n  the  f i e ld .  
meters a re  now ava i l ab le ,  and f i e l d  use of these instruments has increased 
great ly .  
t o  data obtained i n  t h e  laboratory.  

Because co lor imet r ic  methods a r e  simple and inexpensive, 
Rel iab le  por tab le  pH 

When properly used, they provide data t h a t  a r e  comparable i n  p rec i s ion  

Some color imetr ic  methods use an ind ica tor  so lu t ion  with a mixture of 

The mixtures a r e  more convenient; the sets of severa l  
ind ica tor  dyes; o thers  use severa l  i nd ica to r s  individual ly ,  each of which covers a 
narrow range of pH. 
ind ica tors  a r e  conmon.ly more accurate .  
is placed i n  a porce la in  spot  p l a t e  and t h e  ind ica tor  i s  added. The r e s u l t i n g '  
color  i s  then compared t o  a standard pr in ted  color char t .  The i nd ica to r  co lors  
a r e  observed aga ins t  t h e  w h i t e  background of the  spot p l a t e ,  o r  the  ind ica to r  i s  
absorbed i n  a t h i n  l aye r  of barium s u l f a t e  dusted on the  surface of the sample. 

For either method, a small amount of s o i l  

Errors from seve ra l  sources can result  i n  inaccurate color imetr ic  
measurements of pH. 
prepared i n  the  same manner as those t h a t  were used in making the  co lor  cha r t s .  
Faded o r  w o n  cha r t s  must be replaced. 
because the  chloroform o r  alcohol preserva t ive  evaporates, permit t ing b a c t e r i a l  
contamination. 
have an appreciable but  unpredictable e f f e c t  on pH measurement. 
espec ia l ly  those high in organic matter, absorb the  indicator  o r  d i spe r se  in the 
so lu t ion  so t h a t  a reading is  unre l iab le .  
To ensure t h a t  t he  ind ica to r s  are accurate ,  they can be checked using s o i l  samples 
of known pH recent ly  determined with a pH meter. 
within 0.2 t o  0.5 pH u n i t  of those obtained with the  pH meter. 
ind ica tor  used i s  recorded i n  add i t ion  t o  pH. 

For accurate  r e s u l t s  the indicators  used i n  t h e  f i e l d  must be 

Sometimes the  ind ica tors  d e t e r i o r a t e  

The s a l t  added t o  i nd ica to r s  o r  formed during i t s  prepara t ion  may 
Some s o i l s ,  

A d i f f e ren t  method should be followed. 

Colorimetric values  a r e  usua l ly  
The kind of 

Techniques f o r  f i e l d  pH measurements using an electromctr ic  pH meter are 
s imi l a r  t o  laboratory techniques. 
measurements a r e  needed a t  d e f i n i t e  soi l -water  r a t i o s  and f o r  s o i l - s a l t  so lu t ion  
mixtures using reagents such a s  O.Ol!j CaCIZ o r  1% K C 1 .  

The pH meter i s  espec ia l ly  usefu l  when pH 
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Buffer so lu t ions  a r e  used t o  check the  proper functioning of the  pH meter. 
Buffers a t  pH 4.0 and pH 7.0 a re  commonly used f o r  ca l ib ra t ion .  Extreme care  i s  
taken n o t  t o  contaminate the  buffer  so lu t ions ,  and used so lu t ions  a r e  discarded.  
Buffers a re  checked f o r  any cloudiness,  which ind ica tes  microbial  growth o r  
chemi ca 1 de te r io ra t ion .  

When a pH meter i s  used ,  a volume of s o i l  approximating a spec i f i ed  weight i s  

The specimen i s  s t i r r e d  and al lovea t o  e q u i l i b r a t e  f o r  10 t o  30 minutes. 
added t o  a disposable cup and the  appropriate  amount of water or s a l t  so lu t ion  is  
added. 
I t  i s  then r e s t i r r e d ,  and the  t i p s  of the e lec t rodes  a r e  immersed i n  t h e  p a r t i a l l y  
se t t l ed  suspension. 
pockets, and pH is read. 
the instrument and f o r  making temperature cor rec t ions .  

The cup i s  ro ta ted  around the  e lec t rodes  t o  e l imina te  a i r  
The manufacturer’s i n s t ruc t ions  a r e  followed f o r  using 

Soi l  p a r t i c l e s  and so lu t ions  a r e  removed from the  e lec t rodes  a f t e r  each 
determination by spraying the e lec t rodes  with d i s t i l l e d  water and wiping off  t h e  
excess water with a s o f t ,  c lean,  absorbent paper. Rugged g l a s s  e lec t rodes  a r e  
avai lable  f o r  use i n  s o i l  suspensions, but care  must  be exercised t o  prevent  
scratching the  t i p .  
fragments or t he  e lec t rodes  a r e  pushed too deeply i n t o  t h e  suspension. 

Such scratching of ten happens when t h e  sa6ple  contains  coarse 

Ordinary e lec t romet r ic  pH measurements a r e  accurate  within 0.1 and 0.3 pH 
units, which is  less than the  seasonal  va r i a t ion  i n  pH of many s o i l  horizons.  

Carbonates - of Divalent Cations 

Calcium carbonate and calcium-magnesium carbonate (dolomite) a r e  important 
const i tuents  of many s o i l s .  In humid 
regions, carbonates a r e  removed by percolat ing water,  but many s o i l s  t h a t  formed 
i n  calcareous mater ia l  of l a t e  Pleis tocene age or  younger have carbonates i n  p a r t  
of the s o i l  or i n  the substratum. 
various horizons i f  t he re  i s  a source of d iva len t -ca t ions .  Carbonates range from 
clay- and s i l t - s i z e d  p a r t i c l e s  i n  some s o i l s  t o  rockl ike l aye r s  i n  o the r s .  

D i l u t e  hydrochloric acid i s  used t o  tes t  f o r  carbonates i n  the  f i e l d .  

Hany s o i l s  formed i n  calcareous mater ia l .  

In a r i d  regions,  carbonates accumulate i n  

Calcium carbonate effervesces  when t r ea t ed  with a cold 10-percent (about 1 N )  
solut ion of hydrochloric acid; dolomite r eac t s  l i t t l e  or no t  a t  a l l  and is- 
commonly overlooked i f  only cold d i l u t e  ac id  is used. 
heating the  sample, using concentrated acid,  o r  thoroughly powdering t h e  sample; 
the  acid i s  then allowed t o  r e a c t  f o r  a few minutes. The efferversceace of 
powdered dolomite with cold d i l u t e  ac id  i s  slow and f ro thy .  

Dolomite can be de tec ted  by 

The amount and violence of effervescence a r e  a f f ec t ed  by many f a c t o r s  besides  
the amount of carbonates.  
qua l i t a t ive  descr ip t ion  ra ther  than a quan t i t a t ive  es t imate  of t he  amount of 
carbonates. Four c la s ses  of effervescence a r e  used t o  descr ibe the  r e s u l t s  of t h e  
t e s t :  

Consequently, t he  violence of effervescence provides  a 

Very s l i g h t l y  effentescent :  
S l i g h t l y  effervescent :  ‘Bubbles r ead i ly  seen. 
Strongly eff ,ervescent:  
Violent ly  effervescent :  

Few bubbles seen. 

Bubbles form low foam. 
Thick foam forms quickly.  
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Quanti ta t ive f i e l d  methods for detennining amount of carbonates have been 
devised. They w i l l  be described i n  Chapter 8 .  

S a l i n i t y  - and Sodic i ty  

Sa l ine  and sodic  s o i l s  a r e  m o s t  common i n  semiarid and a r id  a reas ,  but they 
a l so  a r e  found in some p laces  i n  humid regions,  pa r t i cu la r ly  near coasts .  

equipment and is  not  necessar i ly  p a r t  of each pedon invest igat ion.  
estimates of s a l i n i t y  and s o d i c i t y  can be made i f  f i e l d  c r i t e r i a  a r e  co t re la ted  t o  
more prec ise  laboratory measurements. 

'Accurate determination of s a l i n i t y  and sodic i ty  in '  t he  f i e l d  requires  spec ia l  
Reasonable 

Sa l  i n i  t g  

The e l e c t r i c a l  conduct ivi ty  of a sa tu ra t ion  e x t r a c t  is the standard measure 
of s a l i n i t y .  
soluble  than gypsum i n  the  s o i l ,  bu t  it may include a small contr ibut ion (up t o  
0.22 S/m) 201 from dissolved gypsum. 

corrected t o  a temperature of 2 5 O  C) is reported i n  s o i l  descr ip t ions .  
following c lasses  of s a l i n i t y  a r e  used i f  the  e l e c t r i c a l  conductivity has not been 
determined but s a l i n i t y  i s  infer red :  

E l e c t r i c a l  conduct ivi ty  i s  re la ted  t o  the  amount of s a l t s  more 

I f  i t  has been measured, t h e  e l e c t r i c a l  conductivity ( i n  siemens pe r  meter 
The 

Class 
E l e c t r i c a l  

conduct ivi ty  

Sodici  t y  

The sodium adsorpt ion r a t i o  (SAR)  is the  standard measure of t h e  sod ic i ty  of 
a s o i l .  
mil l iequivalents  per  l i t e r )  of sodium, calcium, and magnesium i o  the  sa tu ra t ion  
ex t rac t :  

The sodium adsorpt ion r a t i o  is calculated from the  concentrations (in 

Na+ 
SAR = 

Formerly, the  exchangeable sodium percentage, which equals exchangeable 
sodium (meq/100 g s o i l )  divided by the ca t ion  exchange capaci ty  (meq/100 g s o i l )  
times 100, was the primary measure of sodic i ty .  
percentage, however, has proved unre l iab le  i n  s o i l s  containing soluble  sodium 
s i l i c a t e  minerals o r  l a rge  amounts of sodium chlor ide.  

The tes t  f o r  exchangeable sodium 
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Sodium i s  tox ic  t o  some crops,  such a s  avocados and o ther  f r u i t  t r e e s .  
importantly, sodium a f f e c t s  tbe s o i l ' s  physical p roper t ies ,  mainly permeabili ty.  
A sodic condi t ion has l i t t l e  e f f e c t  on permeability i n  highly s a l i n e  s o i l s .  
s o i l  t h a t  i s  both s a l i n e  and sodic may, when artif ically, .dra.ined, d ra in  f r e e l y  a t  
f i r s t ;  but  a f t e r  some of the s a l t  has been removed, f u r t h e r  leaching of s a l t  
becomes d i f f i c u l t  o r  impossible. 
a s o i l  i s  leached, but  the amount of change depends i n  p a r t  on t h e  composition of 
the  water used f o r  leaching and therefore  cannot be predicted with c e r t a i n t y .  If 
the  i n i t i a l  sodium adsorption r a t i o  i s  grea te r  than 10 and t h e  i n i t i a l  e l e c t r i c a l  
conductivity is more than 2 S/m and information is  needed a s  t o  whether t h e  s o i l  
w i l l  be sodic  following leaching, t he  sodium adsorption r a t i o  i s  determined on 
another sample following leaching with the intended i r r i g a t i o n  water. For t h e  
c l a s s i f i c a t i o n  of s o i l s  with an e l e c t r i c a l  conductivity of more than 2 S/m t h e  
sodium adsorption r a t i o  determined a f t e r  leaching with d i s t i l l e d  water t o  an 
e l e c t r i c a l  conductivity of about 0.4 S/m is used. 
a s  gypsum needed t o  reclaim a sodic s o i l  depends i n  p a r t  on t h e  sodium adsorption 
r a t i o  and i n  p a r t  on the  cat ion exchange capacity of t h e  s o i l .  I f  t h e  ca t ion  
exchange capaci ty  is not  known, a gypsum requirement test is  useful .  

nore 

A 

The sodium adsorption r a t i o  usual ly  decreases a s  

The amount of amendments such 

Gypsum 

Gypsum (calcium s u l f a t e )  can be inher i ted  from t h e  parent  ma te r i a l ,  o r  it can 
p rec ip i t a t e  from supersaturated solut ions i n  the  s o i l  o r  in t h e  substratum. Gypsum 
can a l l e v i a t e  t he  effects of sodium, making possible  the  use of i r r i g a t i o n  water 
having a r e l a t i v e l y  high amount of sodium. S o i l s  t h a t  conta in  l a rge  amounts of 
gypsum can s e t t l e  unevenly a f t e r  i r r i g a t i o n ;  frequent re leve l ing  may be required.  
Gypsum i s  soluble  i n  water, but  i ts s o l u b i l i t y  (30 meq/l) is low enough t h a t  i n  
absence of o the r  s a l t s  a s a l i n i t y  hazard does not exist  except f o r  t h e  most 
s ens i t i ve  p l an t s ,  such a s  s t rawberr ies  and some ornamentals. 
su l f a t e s  may cause damage t o  concrete. 

Gypsum and other  

Huch gypsum i s  t abu la r  or f ibrous and tends t o  accumulate as c lus te rs -of  
Gypsum can usua l ly  be c rys t a l s  o r  a s  coats  on peds. 

i den t i f i ed  t en ta t ive ly  by i ts  form and lack of effervescence with ac id .  
the parent mater ia l  may not be readi ly  ident i f iab le .  
gypsum is  shown i n  t h e  descr ipt ion o r  the amount may be estimated. 
Semiquantitative f i e l d  methods f o r  determining amount of gypsum a r e  ava i l ab le .  
They w i l l  be discussed i n  Chapter 8. 

Some of it is cemented. 
Gypsum i n  

I f  determined, t h e  amount of 

Sodium Su l fa t e  

A few s o i l s  contain la rge  amounts of sodium s u l f a t e ,  which looks l i k e  gypsum. 
A t  temperatures above 32.4O C it i s  in t l c  form of thenard i te  (Na2S0,) and a t  
lower temperatures i n  the  form of mi rab i l i t e  (Na S04*10H 0 ) .  The rncrcase  i n  
volume .and decrease i n  s o l u b i l i t y  a s  thenardi tc  $haages ?o m i r a b i l i t e  can cause 
spectacular  s a l t  heaving. In sodium-affected s o i l s ,  sodium s u l f a t e  is  a common 
water-soluble s a l t .  

Su l f ides  

Su l f ides ,  mainly i ron  su l f ide ,  a r e  in some s o i l s  of t i d a l  marshes and i n  some 
sedimentary rocks. When these mater ia ls  a r e  exposed, a s  when marsh s o i l s  a r e  
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drained or sulf ide-bear ing rock i s  excavated, oxidation coamonly produces s u l f u r i c  
acid.  Sul fur ic  ac id  is tox ic  t o  p l an t s  and animals i n  the  s o i l  and nearby waters. 
The solut ions produced a r e  extremely ac id  and a r e  highly corrosive t o  exposed 
metal and concrete. S o i l s  and rock suspected of po ten t i a l  s u l f u r  a c i d i t y  a r e  
t e s t ed  for the presence of s u l f i d e  s a l t s .  

A few s o i l s  with appreciable  amounts of s u l f i d e s  contain enough carbonates t o  
neut ra l ize  a l l  or p a r t  of t he  a c i d i t y  when the  s u l f i d e s  a r e  oxidized. In such 
s o i l s ,  the  t o t a l  amounts of both calcium carbonate and su l f ides  must be known. 

No r e l i ab le  f i e l d  methods a r e  ava i lab le  f o r  determining the.amount of 
su l f ides  i n  t i d a l  marshes. The s u l f i d e  odor of marshes is not  a r e l i a b l e  
ind ica tor  of the presence of  oxidizable  su l f ides .  
soils t h a t  contain la rge  amounts of s u l f i d e s  commonly have yellow eff lorescences 
of the mineral j a r o s i t e  on t he  e x t e r i o r s  of clods.  

Drained o r  excavated marsh 

Two f i e l d  tests are cornonly used t o  de t ec t  exce'ss oxidizable su l f ides .  
one t e s t ,  pH is measured before and a f t e r  the s o i l  is  allowed t o  dry f o r  18 days. 
A l a rge  drop in pH, o r  pH of 3.5 o r  less a f t e r  drying, ind ica tes  excessive amounts 
of su l f ides .  

In 

In the other  t e s t ,  t he  sample is t r ea t ed  with 30 t o  36 percent hydrogen 
peroxide and heated t o  complete oxidat ion and d r ive  of f  the excess peroxide. 
pH is  measured. 
meter is preferred fo r  measuring pH-because of the p o s s i b i l i t y  of oxidat ion of 
ind ica tor  dyes. 

Then 
A If the  decrease i n  pH is  l a rge ,  s u l f i d e s  a r e  probably present .  

Special  dyes s u i t a b l e  f o r  t h i s  test  a r c  avai lable .  

If the f i e l d  tests f o r  oxidizable  s u l f i d e s  are pos i t i ve ,  laboratory 
determinations of s u l f u r  content may be required f o r  prec ise  in t e rp re t a t ions .  
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Table 4-l.--Definitions of slope classes 

Lower 

Percent 

0 

1-3 

5-8 

10-16 

20-30 

45-65 

Classes 

Upper 

Percent 

1-3 

5-8 

10-16 

20-30 

45-65 

None 

Simple slopes 

Nearly level ....... 
Gently sloping.. . . . 
Strongly sloping.. . 
Hoderately steep ... 
Steep .............. 
Very steep ......... 

Complex slopes 

Nearly level ....... 
Undulating ......... 
Rolling ............ 
Hilly .............. 
Steep .............. 
Very steep ........., 
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Table 4-2,--Annual pattern of soil-water s ta tes  

Depth 

cm 

0-25 

25-50 

50- 100 

100-150 

- 

- 
J - 

f 

f 

W 

w 

- 

- 
n 

m 

f 

V 

w 

f :  
w: 
m: 
d: 

frozen more than half  .of the month 
wet more than half  of the month 
moist more than half of the'month 
dry  more than half  of  the month 
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Table 4-3.--Terms f o r  rock fragments 

Shape 11 and size 

Rounded, subrounded, 
angular,  o r  i r regular :  

2-7 .6  cm diameter..  ....... 
0.2-0.5 an diameter ....... 
0.5-2 cm diameter ......... 
2-7.6 cm diameter......... 

7.6-25 cm diameter........ 

25-60 cm diameter ......... 
> 60 cm diameter .......... 

Fla t :  

0.2-15 cm long ............ 
15-38 cm long ............. 
38-60 m long ............ 
> 60 cm long ............. 

Gravel z/ ......... 
Fine gravel.  ... 
. Hedium gravel .  . 
Coarse gravel . .  

Cobble ............ 
Stone :............ 
Boulder ........... 

Channer........... 

Flagstone ......... 
Stone... .......... 
Boulder ........... 

Ad j e c t i v e  

Gravelly. 

Fine gravel ly .  

Hedium gravel ly .  

Coarse gravel ly .  

Cobbly . 
Stony. 

Bouldery . 

Channery. 

Fleggy 

Stony. 

Bouldery. 

L' If s ign i f i can t  t o  c l a s s i f i ca t ion  o r  i n t e r p r e t a t i o n ,  t h e  shape of 
t he  fragments i s  indicated: "angular gravel  , I*  " i r r egu la r  boulders .** 

2' A s ing le  fragment is ca l led  8 "pebble." 
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Table 4-4.--Classes of stoniness and boulderiness in relation 
to surface coverage and spacing between fragments 

4-98 

Percentage 
of surface 
cove red 

< 0.01 

0.01-0.1 

0.1-3 

3-15 

15-50 

> 50 

Distance between stones or boulders 
if their diameter is-- 

25 cm 

meters 

> 25 

8-25 

1-8 

0.5-1 

0.1-0.5 

< 0.1 

60 cm 

meters 

> 60 

20-60 

3-20 

1-3 

0.2-1 

< 0.2 

120 cm 

meters 

> 120 

37-120 

6-37 

2-6 

0.5-2 

< 0.5 
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Size  
classes  

~ 

Very f i n e . .  

Fine ....... 
H e d i u m . . . . .  

Coarse. . . . . 
Very coarse 

Table 4-5.--Size classes  of.  s o i l  structure 

Platy I /  

mm 
<1 

1-2 

2-5 

5-10 

>10 

Shape o f  structure 

Pri sma t i c  
and 

Columnar 

mm 
<lo 

10-20 

20-50 

50-100 

> 100 

Blocky 

mm 
<5 

5-10 

10-20 

20-50 

>so 

Granular 

1-2 

2-5 

5-10 

>10 

1/ In describing plates ,  "thin" i s  used instead o f .  "f inc" rnd "thick" 
instead of "coarse." 

- 
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Table 4-6.--Strength c l a s s e s  of s o i l  

F i e l d  method and condi t ion  
of f a i l u r e  of specimen 

No specimen can be obtained-------- 

Specimen crushes o r  breaks when 
very s l i g h t  force  appl ied  by 
thumb and foref inger .  

Specimen crushes o r  breaks when 
s l i g h t  force  appl ied by thumb 
and f o r e f i n g e r .  

Specimen crushes o r  breaks  when 
moderate force  appl ied  by 
thumb and f o r e f i n g e r .  

Specimen crushes o r  breaks when 
s t r o n g  f o r c e  appl ied  by thumb 
and foref inger .  

Specimen cannot be crushed o r  
broken by thumb and f o r e f i n g e r  
bu t  cal: be by squeezing s lowly 
between hands. 

Specimen cannot be crushed o r  
broken i n  hands but  can be 
broken o r  crushed underfoot 
by person weighing 80 kg applying 
weight slowly. 

Specimen cannot be crushed 
underfoot but  can be crushed 
o r  broken by blow of 3 J. 21 

Specimen cannot be broken or  
crushed by blow of 3 J. 2/ 

~~ 

Units 

40-80 N 

80-160 N 

160-800 N 

600 N = 

3 3 =  
lower l i m i t  

upper l i m i t  

>3 J 

co  

Air -dry  

Loose 

S o f t  

S 1  i ght  l y  
hard ' 

S l i g h t  1 y 
hard 

Hard 

Very 
hard 

Ert reme 1 y 
hard 

i s t s n c e  
F i e l d  
a p a c i t y  

Loose 

very 
f r i a b l e  

F r i a b l e  

Firm 

Very f i n  

Extreme11 
f i rm 

Ext remel! 
hard 

Cemented 
mate r i a  1 

Weakly 
cemented 21 

Weakly 
cemented 11 

Weakly 
cemented 21 

Weakly 
cemented 21 

S t r o n g l y  
cemented 

Iadura  t ed 

2 - l /  One newton (N) = 1 kg-m/s 

- 21 I f  appl icable .  

3/ A weight of 1 kg dropped a d is tance  of 10 cm = 1 j o u l e .  A g e o l o g i s t ' s  
hammer weighing 1.36 kg dropped a d i s t a n c e  of 0.22 m e x e r t s  an impact energy of 
3 J .  
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Illustration legends 

Figure O-l.--Four combinations of concavity and convexity of landforms. 
forms have concave contours; the lower forms have convex contours. The forms on 
the left have convex slope; the forms on the right have concave slope. 

The upper 

Figure 4-2.--V-shaped gullies' in a material high in clay. 

Figure 4-3.--U-shaped gullies. 
upper part of the soil. 

The underlying material is more erodible than the 

Figure 4-4.--Relationships among soil -. separate classes of five different systems. 
Scale is logarithmic. 

Figure 4-5.--Size of'particles of indicated diameters (d). 

Figure 4-6.--Chart showing the percentages of clay, silt, and sand in the basic 
textural classes. 

Figure 4-7.--Area that is near the margin between class 2 and class 3 boulderiness 
in the foreground. 

Figure 4-8.--Area of class 3 stoniness. 
most uses, though many smaller fragments of rock are present. 

Rock fragments 25 to 60 cm across control 
- 

Figure 4-9.--Area of class 3 boulderiness. 

Figure 4-10.--Area of class 5 stoainess. 

Figure 4-ll.--The arrangement of color chips according to value and chroma on the 
soil-color card for hue of 10YR. 

Figure 4-12.--Schematic diagram of the relationships among the five principal and 
five intermediate hues of the flume11 color system and the subdivisions within the 
part used for most soil colors. 

Figure 4-13.--Fine plates. 

Figure 4-14.--Hedium prisms 35 to 45 mm across. 

(430-V-SSH, Hay 1981) 
4-101 



. Figure &-lS.--A c l u s t e r  of medium, columnar peds. 
across.  

The c l u s t e r  is about 135 m 

Figure 4-16.--kdiu~n and coarse,  angular blocky peds. 
@ 

., 

i 

Figure 4-17.--Fine and medium, granular peds. 

Figure 4-18.--Soil fragments formed by cracking of a s t ruc tu re l e s s  s o i l  when it 
contracted upon drying. 

Figure &19.--Intersecting s l ickensides  i n  the AC horizon of a clayey s o i l .  The 
cracking was caused by drying a f t e r  the s o i l  was exposed: 

Figure 4-20.--Nodules and concretions:  
concretion a t  t h e  r i g h t ;  J hollow nodule i n  the  middle. 

Figure 1-21.--Cicada c a s t s  i n  an indurated horizon about 35 cm t h i ck .  
ca s t s  i n  varying degrees of indurat ion a r e  common i n  some s o i l s  of semiar id  
climates.  Casts are 0.4 times ac tua l  s ize .  

an unbroken nodule a t  the l e f t ;  a broken 

Cicada 
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Footnotes 

1/ As a minimum the following information about t he  climate should be given 
f o r  each s o i l :  average annual p rec ip i t a t ion ,  seasonal p a t t e r n  of t he  
p rec ip i t a t ion ,  mean annual temperature, and f r o s t - f r e e  season. 

2/ For s o i l s  having cyc l i c  horizons o r  l aye r s  recur r ing  a t  i n t e r v a l s  between 
2 m azd 7 m, a p i t  large enough t o  study a t  l e a s t  one-half of t h e  cycle  is  
necessary. 

3/ Because some s o i l s  commonly receive t h i n  depos i t s  of mater ia l  on t h e  
sur face ,  a s  much a s  50 an of r ecen t ly  deposited sediment is disregarded i n  
c l a s s i fy ing  the  underlying s e t  of gene t ic  horizons (See soil Taxonomy). 
t h i n  deposi ts  a r e  not p a r t  of t h e  solum but  may be otherwise important. 
same convention a s o i l  i s  not  considered t o  be buried unless the re  is  a t  l e a s t  50 
cm of overlying sediment t h a t  has  no genet ic  horizons i n  t h e  lower p a r t .  

These 
By the  

I /  "Wind erosion" i s  sometimes used f o r  t h e  scu lp tu re  of rocks by wind-blown 
p a r t i c l e s .  
many geologis ts  f o r  the  detachment, t r anspor t a t ion ,  and depos i t ion  of s o i l  
p a r t i c l e s  by wind. 

The term is used i n  t h i s  manual, i n  s o i l  sc ience  general ly ,  and by 

- 5 /  100 kilopascals  (kPa) = 1 bar .  

6 /  The presence of r e s t r i c t i n g  layers  i n  t h e  s o i l  can s i g n i f i c a n t l y  a f f e c t  
t he  l eve l  of water i n  an uncased borehole. 
under a r t e s i a n  pressure may rise t o  higher l eve l s .  

Perched water may d r a i n  and water 

- 7/  Based on s o i l s  t h a t  a r e  not i r r i g a t e d  and n o t  f rozen  i n  any p a r t .  

8/ Sometimes "runoff" i s  appl ied t o  whole watersheds t o  refer t o  a l l  cd t he  
water-entering streams, including subsurface flow. 
confusion exists,  "surface runoff" should be used in s t ead  of "runoff" i n  s o i l  
descr ipt ions.  

If any p o s s i b i l i t y  of  

- 9/ One inch per  hour = 7.06 micrometers per second. 

- 10/ Coprogenous ear th ,  diatomaceous e a r t h ,  marl. 

11/ Rock s t ruc tu re  includes f i n e  s t r a t i f i c a t i o n  in unconsolidated o r  weakly 
consolidated sediment o r  pseudomorphs of weathered minerals  r e t a in ing  t h e i r  
pos i t ions  r e l a t i v e  t o  each o ther  and t o  unweathered minerals  i n  s a p r o l i t e  from 
consolidated rocks. 

12/ Indicat ing weathered bedrock o r  s a p r o l i t e  i n  which c l ay  sk ins  are 
- .  

present .  

13/ "Loam" i s  an old English word formerly appl ied  t o  crumbly s o i l s  r i c h  i n  
humus, I t  i s  s t i l l  used by some i n  t h a t  sense. 
it i s  used only i n  naming s o i l  t ex tu re  c lasses .  

In s o i l  c l a s s i f i c a t i o n ,  however, 

. 14/ These a r e  sandy, loamy, and clayey t e x t u r e  groups, not  t he  sandy, loamy, 
and cGyey p a r t i c l e - s i z e  c l a s ses  defined i n  soil Taxonomy. 
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15/ These terms a r e  defined i n  t ab le  4-3. 

16/ The appropr ia te  color chips ,  separate or mounted by hue on spec ia l  cards 

- 

e 
I 

f o r  aToose- leaf  notebook may be obtained from the  Hunsell Company. 

r e f i n s  t o  any degree. 
char t s  are needed o r  useful .  

17/ The nota t ion  f o r  hue, and f o r  value and chroma, i s  decimal and could be 
In prac t i ce ,  however, only the d iv is ions  used on t h e  color 

18/ €or many p l a t y  bodies,  including mater ia ls  such a s  shale ,  applying fo rce  
a t  right angles t o  t h e  p l a t e  may give misleading resu l t s .  
mater ia l  t o  rupture  when torque it applied may bc amre meaningful f o r  some 
in te rpre ta t ions .  

The res i s tance  of p l a ty  

The following procedure can be used i n  the f i e l d :  

A test specimen about 2 t o  5 an across is selected.  Thickness of the 
If t h e  p l a t e  is in t he  p l a t e  i s  recorded by size c l a s s  o r  by measurement. 

t h i ckes t  class, t h e  maximum thickness i s  recorded. 

The p l a t e  is held by p l i e r s  near the 2dge o r  t o  one r ide 'of  t h e  p l a t e .  
A t  an es tab l i shed  d i s t ance  from the insidt- edge of t h e  p l i e r s ,  force  i s  
applied downward u n t i l  t h e  p l a t e  ruptures. Force can be appl ied w i t h  a 
penetrometer, which w i l l  measure force,  o r  with a f inger .  I f  a f i n g e r  is 
used, t he  degree of fo rce  is estimated. The p l i e r s  can be s teadied  on a 
surface i f  necessary. 

Torque is ca lcu la ted  by this formula: t = - D, vhere F is 100 
the  force ( in  kilograms) needed t o  rupture the p l a t e  and D i s  the d i l t a n c e  
( i n  centimeters) from the  outs ide  of the area on which force is appl ied t o  
the  ins ide  edge of t h e  p l i e r s .  
kilogram-meters. 

The value f o r  torque (t) is i n  

Resistance t o  rupture  increases  8s the square of thickness  of  the p la t e ,  
but  increases  l i n e a r l y  v i t h  width. 
the  proper thickness  c l a s s  is more important than c lose  con t ro l  of t h e  width 
of t he  specimen. 
medium thickness  (2 t o  5 IPPD); this may require  s p l i t t i n g  the  plkte. 

19/ The n value expresses the r e l a t ion  betveen the perceatagc of water under 
f i e l d y o n d i t i & s  and the  percentages of inorganic clay and humus. The p value can 
be calculated f o r  mineral  s o i l  u t e r i d o  t h a t  are not th ixot ropic  by t h e  formula: 

Therefore, placement of t h e  s p e c h e n  in 

If poss ib le ,  res i s tance  should be determined on p l a t e s  of 

A - 0.2R 
L + 3H n =  

where A . i s  the percentage of v a t e r ,  R is the percentage of s i l t  p lus  sand, L is 
the percentage of clay,  and H is t h e  percentage of organic matter ( a l l  ca lcu la ted  
on bas is  of dry s o i l ) .  

- 20/ One siemens (S) = one mho. 
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. Attachment - I 

Horizon Designations 

A comparison of the old and nev system 

1. The purpose of using horizon designations remains unchanged. 
the describer's interpretations of the genetic relationships between the 
horizons in a soil. 

Capital letters, lowercase letters, and Arabic nuwrals are used to form the 
horizon designators. 

a. This convention 

They reflect 
I 
I 

2. 

Capital letters are used to designate master horizons. 
is unchanged. 

b. Lowercase letters are used as suffixes to indicate specific character- 
istics of the master horizon. This convention is unchanged. . 

c. Arabic numerals are used as suffixes to indicate vertical subdivisions 
within a horizon and as prefixes to indicate discontinuities. 
change. 
kind of 0, A, or B horizon and to indicate vertical subdivisions of a 
horizon, and Roman numerals vere used as prefixes to indicate 
discontinuities. 

This is a 
Previously, Arabic numerals were used as suffixes to indicate a 

The symbols used for many horizon characteristics have been changed. 
comparison of symbols used to designate master horizons and subordinate 
distinctions within master horizons can be only approximate. 
designations for master horizons in the old system can best be equated with a 
combination of master horizon symbol 8nd subordinate symbol in the new - 
system. 

The 

Some 

a. Master horizons 

New - Old - 
0 0 

01 Oi, Oe 

A A 

A1  A 

A2 E 

A 3  AB or EB 
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A&B EIB 

AC AC 

B 

B 1  BA or BE 

BbrA B/E 

B 2  B or Bw 

B 3  BC or CB 

B 

C C 

R R 

b. Subordinate distinctions within master horizons 

4-106 

N s  

a 

b 

C 

e 

f 

8 

h 

i 

k 

m 

' n  

0 

P 

Q 

K 

S 

highly decomposed organic matter 

buried soil horizon 

concretions or nodules 

intermediately decomposed organic matter 

frozen soil 

strong gleying 

illuvial accumulation of organic matter 

slightly decomposed organic matter 

accumulation of carbonates 

strong cementation 

accumulation of sodim 

residual accumulation of sesquioxidcs 

ploving or other disturbance 

accumulation of silica 

veathered or soft bedrock 

illuvial accumulation of sesquioxides 

(43O-V-SSH. Hay 1981) 
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a 

0 

v 24 

--- 

t accumulation of c lay  

v p l i n t h i t e  

w c o l o r  o r  s t r u c t u r a l  B 

X x f rag ipan  c h a r a c t e r  

cs y accumulation of  gypsum 

sa z accumulation of s a l t s  

4. Primes a r e  used i n  both  t h e  o l d  and new systems, b u t  t h e  convent ions f o r  
using them a r e  d i f f e r e n t .  
i d e n t i f y  t h e  lower sequum of 8 s o i l  having two sequa, a l though n o t  for a 
bur ied  s o i l .  
des igna t ion  t o  two o r  more horizons i n  a pedon i f  t h e  hor izons  a r e  
separa ted  by a horizon of a d i f f e r e n t  kind. 
lower of  t h e  two horizons having i d e n t i c a l  l e t t e r  des igna t ions .  
t h r e e  horizons have i d e n t i c a l  des igna t ions  a double prime i s  used on t h e  
lowest.  

In t h e  o ld  system primes were used t o  

I n  t h e  new system it may be appropr ia te  t o  g i v e  t h e  same 

The prime i s  used on t h e  
If 
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I. , 
I Subordinate D i s t i n c t i o n s  Within Hastet Horizons and Layers . 

.- 
Lover case letters are used AI r u f f i x e s  t o  des igna te  r p e c l f i c  k inds  of master 
horizono ~ n d  layers. The rymbols and t h e i r  oeanlngr and usage are ar  f0ll-r: 

a , .  Eighly decwposed organic  m a t e r i a l  

Thi. m o l  IS u u d  with "0" t o  lndiutc the w s t  highly d e q o s r d  
of the q u l c  materi.1.. 
about 1/6 of the volume. 
per iods.  
is l i s t e d  f i r o t .  

E u b W  fibrr ~ ~ L I ~ Q L I  rrrrasm -lam -than 
Occurs in roil8 s a t u r a t e d  for V O h l g c d  

If more than one r u f f i x  l e t t e r  I s  w e d ,  t h e  l e t te r  "a" 

b Buried genetic horizon 

This s-01 Is used .fn -1 soam t o  lPdit8te IdeuZIflable buried 
genetic horizons If t h e  major f e a t u r e 8  of t h e  b u r i e d  hor izon  had 
been e s t a b l i s h e d  be fo re  it vaa burled.  

horizons m y  01 map not have fo-d in the mcrlying m8teri.l. vhich 
may be e i t h e r  l i k e  or u n l i k t  the 8 s 8 ~ m d  parent m8terF.l of t h e  
burled ro i l .  
overlying hor lzonr .  
same as t h s t  of t h e  over ly ing  b0fit0a8, p r e f i x  numeral i o  not ured 
(such as A-Be-BC-Ab-Btb). I f  l i t h o l o g i c a l l y  u n l i k e  t h e  overlying 
mater ia l .  then  a numeral p r e f i x  I8 ured (such 8s  A-Bt-BC-ZAb-2Btb). 
The s u f f l x  "b" may be used w i t h  any of t h e  master horizon symbolr 
except 0 and C (C horizons are not cons idered  g e n e t i c  horizons.)  
The t u f f l x  "b" is written last when used In conjunct ion  wi th  o the r  

It is  not ured  l o  organic  
m * O  -8te-8a W C  wm fror 8 h J C Y .  -.tic 

A bur l ed  horizon is n o t  in t h e  6-e d e p o s i t  as the 
I f  the l i t h o l o g y  of t h e  bu r l ed  horizon i r  t he  

S u f f i x  OymbOlS. 

This rymbol IS used to l n d i u t e  a c i g n i f l c a n r  acc.tnmrktiou of con- 
. e r e ~ . o r  nnnrrmrxuisrury n- -trd by rPuari.l ocher than 

r i l l c a .  %B m o l  I s  m u t * o n d  If.- or -em .rr dolo- 
mite or c a l c i t e  or more s o l u b l e  salt%, but i t  18 used if the nodules 
or conc re t ions  are I ron ,  aluminum. manganese, or titanium. Their 
cons i r t ence  10 r p e c i f i e d  in t h t  horizon dercription. The "c" s u f f i x  
symbol is  used w i t h  another Buf f i s  r p b o l ,  I O  dW8y8 l l r t e d  h r t .  
such am Btc. 

e Organic m a t e r i a l  of in te rmedia te  decomposition 

This symbol i r  used wi th  *'Off to i n d i c a t e  o r g a n i c  m a t e r b l o  of  
lntermedi8re  decomposition. Rubbed f i b e r  content i s  1/6 to Z/S of 
che volume. Usually occur8 i n  soils s a t u r a t e d  f o r  prolonged per iods ,  
hwever can occur i n  @ o i l 8  not s a t u r a t e d  f o r  prolonged per iods.  
=ore than one s u f f i x  letter IC used, the l t t t e r  ''e" i a  w i t t e n  first .  

I f  



f Frozen roil 

n i r  r p b o l  Is used t o  I n d i c a t e  t h a t  t h e  horizon o r  layer  con ta ins  
p e m n a n r  ice.  Symbol i8 not  used for r e a r o r u l l p  frgzen layerr o r  
for "dtp pemmfrost" (material that 1. colder than  0 C b u t  doer no t  
conta in  l e e ) .  If m e  tbur une naif- k s t e r  is ured,  the letter "f" 
1. tirrrA h s t .  

This symbol is urcd t o  i n d i c a t e  e i t h e r  t h a t  iron h8r been reduced 
and removed dur ing  r o i l  fonu8tiOn o r  t h a t  s a t u r a t i o n  v i t h  r t r g n a n t  
water has preserved 8 reduced state. ?tort of t h e  a f f e c t e d  h y e r s  
have low chroma and M n g  are mottled.  The low chroau can be  the 
co lo r  of reduced iron or  t h e  c o l o r  of uncaated u n d  and r i l r  parti- 
c l e s  from which iron has been removed. Symbol "8" l a  not used  f o r  
roil mata r i a l a  of low chroma. much a8 rome rhalca or E horizons,  
un les r  they have A h i s t o r y  of wetness. I f  "g" i o  ured v i t h  "B," 
p r d o g m i c  chmue. In additioP . t o  alq,Fne Is *lid. I f  no =her 
change has trkm place. t h e  boriton l a  dealgnated Cg; 
one s u f f i x  l e t t e r  is usedr  t h e  letter "g" ir liotcd l a s t .  
"h," " 6 , "  and "v" a t e  noc used v i t h  "80" 

S f  m o r t  than  
S u f f i r e r  

h I l l u v i a l  accumulation of .organic matter 

This rymbol Is used v i t h  "B" t o  i n d i c a t e  t h e  accumulation of i l l ~ i ~ l  
amorphous, dispers ib le  organic =tter-resquioxide complexes i f  the 
rcrquloxldc component i o  dominated by alrrmioum bur is present only 
i n  very small q u a n t l t i c s .  
and c i l t  p a r t i c l e s  o r  may occur  a. d i s c r e t e  p e l l r t r .  I n  rope hori-  
tons. uut inga  hvcrorlescmi.  f(flrd p r u .  .od -trd tha hori- 
zoo. 
the w u u t  o f  r c squ lox ide  component i r  s i g n i f i c a n t  bu t  value  and 
chrum of t h e  horizon are approximately 3 o r  leas. l f  more than one 
a u f f i a  h t u r  is u d .  rhr k t t t r  "h" is mitten f i r a t .  Tbc suffix 
h l r  not used with maff2xem a. w. 8 .  i. k a. -ow.+ r, f .  u. y 
or z. 

The organorerquioxldc material coats  sand 

Ihc m o l  "ti" is 8180 used in tmblrutlrm vith = a " . u  "Ms" If 

I 1  (*  

Ih. - Significant 0 . H .  Signiffcant S i 0 2 .  C h r m  and Value 
3 or k s o .  

This symbol i r  used vith "0'"to I n d i c a t e  the leart decompored of t h e  
organic mate r i a l s .  
t h e  volume. Usually occur s  i n  s o f h  no t  s a t u r a t e d  f o r  prolonged 
per iods .  I f  more than one s u f f i x  l e t t e r  I s  used,  the letter "1'' i s  
written f l r r t .  

Rubbed f i b e r  content  18 more than About 215 of 

2 
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Accumulation of  carbonates  

T h i n  symbol Is  used to I n d i c a t e  accumulation of a l k r l i a r : * r ? h  
carbonates ,  comonlp  C d C l U m  carbonate.  If i l l u v i a l  c b y  $8 a h 0  
prerent, '*t" precedcr  t h e  rymbol %.*' 
used uich "k." 

Suffhem b, ., and v are Pot 

Cementation OY i ndura t ion  

This ryplbol 1s used to-tndieatt tant3nwuS'ar atrrly -8 
cementatloo. 
90 percent  cemented. though they may'ba f r ac tu red .  
*'m'' horizons o d y  th rough cracb. 
oynrbollred. If 90 percent or  more of the  horizon i r  cemented by 
carboar rcr ,  "km" i n  used; by r l l lc8,  nqm"; by iron, I*=**: by m a - .  
*'ym''; by both l a c  8nd r i l l c a ,  "kqm"; by r8l t8  mora rolublc t h a  
gyprum, "m.*' 
i o  written h a t .  

Symbol i r  urcd  only for horizon. that  are more than 

Thm cementing mater181 is also 
Rootr penetrate 

If more than one r u f f i x  l e t te r  l a  w e d ,  the letter "de 

This symbol Is ured t o . i n d i c a t e  accumulation of exchangeable 8Odim. 
If i l l u v i a l  c lay l o  a l s o  p re sen t  "t" precedar  the 8ymbOl "n." 
Suff ixes  h', s, and v are  not urcd vith "n." 

Residual accumulation of se6quiox~dcs 

This rymbol i o  ured to Indicate r c r l d u a l  8ccumulation of reoqui-  
ox ider ,  Differs from t h e  u s e  of rymbol *'c'' vhlch lndiC8te8 i l l u v i a l  
accumulorlon of orgau ic  matter and rcsquloxidea cumplexcr. Suffixes 
h, a ,  and v are aot uacd v i t h  **o." I f  illwlal clay l a  also 
preimz. "t" precedes  the -01 "0." 

Ploving or  other d i r tu rb8nce  

mi8 -1 i s  m u &  fo. indiCrrc dirrurbsncr of r h .  w f 8 c e  h j e r  by 
c u l t i v a t i o n ,  pas tu r ing ,  OT 8i.mihr uaes.  A dis turbed  organic hor i zon  
i r  designated Op. A d i i t u r b c d  mineral horizon, even though c l e a r l y  
once an E, E. or C horizon, Is des igna ted  hp. If a s u r f a c e  horizon 
is di r turbcd ,  only. aymbol "p" 18 ured. 

Accumulation of o i l i u  

This -01 i s  u8cd t o  Indicate 8 c ~ t l c 7 a  of rccoadmq DW, 
silica cements the l a y e r  and temencatiun l a  urntiortour or ourly  
C O n t 1 n U O U 8 ,  "qm'* Is uaed. ihe symbol "q" u n  be o8cd 
symbol "m" ruff ires  h,  s, or u are not used v i t h  "q." 

If 

ur with 

Ueathered ot soft bedrock 

This synbol Is used v i t h  "C" to i n d i c a t e  layers  of .oft bedro-ck o r  
s a p r o l i t e ,  such as weathered igneous rock; par:ly conso l ida t ed  soft 
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sandrtone,  ~ i l t o t o n e ,  or  sha le ;  o r  denre  till t h a t  root. cannot e n t e r  
except along f r a c t u r e  p lanes .  
S p b o l  "rtr can be ured v i t h  'It'' such ar Crt t o  i nd ica t e  veathcred 
bedrock o r  r a p r o l l t e  in which c l a y  rkinr are present .  

The m a t e r i a l  can be dug v i t h  8 rpade. 

- 

8 f l l w i a l  accumulation of sesquioxides  and organic  matter 

' .  l%l8  s p b o l . l r  ured ritb "Be t o  i n d f c a t e  t h e  accumuhtion of i l l u v i r l  
mrpbour. d i r p e r r l b l c  organic matter-rerquioxide colnplcxer i f  b o t h  
th. organ-:c maLter 8 . d  r u q U r i d a  C m O M n t 8  IU SQnlficrot and tbt 
value  ana chroma of the horizon 18 more than 3. Tbe m o l  I8 d 8 0  

used in combination with "h" a8 '%hs" I f  both the  organic matter and 
ecoquioxlde components are rignificaat and the  value and chroma are 
a p p r o x i m t e l y  3 or lesnr. 
l e t t e r  "a" is v r i t t e n  first. except for  Bh.. The ruff- "E" 1~ not 
used wi th  r u f f i r e s  a. e- 8 ,  I* L LI. 0. q. r. L. Y. y or L. 

When more than one r u f f i x  is used. the  

t Accumulation of s i l i c a t e  c l a y  

Thi6 symbol i o  used eo i n d i c a t e  an a c c ~ h t i o n  of 8 i 1 i c . t ~  c l a y  t h 8 t  
e i t h e r  h a 8  formed in t h t  horizon o r  has been moved i n t o  i t  by illu- 
v i a t i o n .  
in pores, l amel lae ,  o r  b r idge r  betvern mineral grains .  
one s u f f i x  l e t t er  I6 used, t h e  rymbol "t" i 8  vritten f l r r t .  
not ured with symbol. a,  e. h .  I .  8 8nd v. 
i t  is w r i t t e n  l a s t  as in Crt. 

The clay can be In t h e  form of coa t ings  on ped s u r f a c e r  o r  
I f  more than 

'It" i s  
I f  u r t d  v i t h  rymbol "r" 

v P l i n t h l t c  

;. 

This rymbol'ls umed t6 indilure t ! m . w r  at-frab-rfrh, m a -  
poor. reddish  matcri8l t h a t  i o  firm o r  ve ry  f fnn  when moirt m d  that 
hardenr i r r e v e r s i b l y  vhen expored to t h e  atmosphere and t o  repeated 
vetting and drying.  There p r o p e r t i e s  are c h a r 8 c t c r i s t i c  of p l i n -  
t h i t e .  If more t han  one r u f f i x  letter is used. the rymbol "v" i r  
vrfttcn l a s t .  

v Development of c o l o r  o r  s t m c t u r e  

l h i ~  -01 1. used w i t h  "8" t o  f n d i c a t e  development of c o l o r  o r  
u t m c t u r e .  o r  both. w i th  l i t t l e  or no app8rent illuvial accumulat ion 
of  p a t e r i a l .  Although not rponomoue vith cambic horizon. in many 
i n s t ances  i t  recognizes  the  p r o p e r t i e s  of a cambic. 
one suffix l e t t e r  i 6  used,  t h e  symbol "w" is v r i t t e n  f l r o t .  w IS 
n o t  used w i t h  symbols a, e ,  h ,  1, e i nd  t. 

If more than  
I, I t  
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x FtaRipan character 

This rynbol 1s used to indicate g t o e t l c a l l y  developed ffrmnesr. 
b23ttlme88. ur high bulk dean i ty .  
of fragipurr. but some horirmr designated "x" do not h v e  a l l  t h e  

. - p r w s $ e s  of a f u g i p a n .  If -re thur 01). s u f f i x  l a t u r  i. used, 
the m o l  x 1. m t t t n  h 8 Z .  

There feature. are characterintic 

Accumulation of gypsum 

mi6 rymbol i o  used to indicate accumulation of gypsum. 
clay i r  also prebent. "t" precedes t h e  r p b o l  "y." Suffixes h .  8 ,  

and w are not used with "y." 

If i l l u v i o l  

Accumulation of s a l t s  more rolublc than gppmum 

Ihis 
tban gypsum. 
Symbol "z." Suffixes h. I, and v are not  u6ed w i t h  "2." 

i s  used to  Fndlcatt accumuhtion of sa l t s  more so luble  
If f1lwi.l clay 10 also present. "to pece&s cht 

E .  Horizon Nomenclature 

1. Master Horizons 

2 . -  TranritioaAl RorFton 

A I B  
%/A 

EB E/B 
BE B I E  
BC BIC 

AB 
BA 

*cB C I B  
AC 

Old - Ntv - Old - Ncv - 
- 02. A 0 0  0 

b b P P 
a 
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New - Old - 

L .  Conventions f o r  Uoipe Latter S u f f i x e s  

cn 9 si 
01, 02, Aoo, . r r 

Ao 
f Q l r  
6 t t 
h V 

01, A n  Y 

C. X 'x 
m Y CI 
sa Z 0. 

ondirtprbd A horftonr - no &fix 
d i s tu rbed  A h o r i r o n  - p 
most E horizooo no ruff- 
-8Z c- Po nrffa 

mort than one s u f f i x  - If used, a, e, 1, h,  r ,  a, t. and w a r t  
written f i rs t  - none of t he  above s u f f i x e s  are u e t d  t o g t r h t r  
cxccpc i n  Bho or C r t  

never use Bth, Bta o r  Btv - t has precedence over  v, s.  and h. 
(a,  Bv, Bh, o r  Bo horizon can be be l -  or  8bove a B t ) .  S u f f i x e s  
h,  8 ,  8nd c a r t  not used v i t h  q ,  1.3 n, q, y ,  f or 0 .  

I f  hor izon  is bur i ed ,  t h e  sufflx "b" i s  m i t t e n  last. 
bur led  minera l  s o i l o )  

If mvre t h m  one soffl% i r  used. c. f ,  8 ,  a, \I, and x are vtitten 

1s n 

(Only 

h o t  

Suf€hes are not uud uith-tr- hnrlzons unless needed for  
W - 8 -  

5 .  V e r t i c a l  Subdivision 

Any t h e  you change s u f f i x e s  or add 8 ruff-, v e r t i c a l  numbering 
starts over. such asBtl-Bt2-Btxl-Btx2. If s u f f i x e s  remain, the 

V e r t i c a l  cubdivirlons follow horizons. Letters indicating dlscon- 
e i a u i r l c s  precede hor izons  l e t t e r s  ouch a s  CI-CZ-C3, Btl-Bt2.ZEt3. 

I8m Or 1u) r u f f h e r  8 S a  JlUd, m a  LO-. 

6 .  D i s c o n t i n u i t i c e  

- Arabic numberale used as pre f ixes  to i n d i c a t e  d i a c o n t i n u l t l e r .  
Precede A, E.  B. C .  and R .  
horizon l e t t e r s .  V e r t i c a l  subdivis lons,  arabic numbers16 f o l l o v  
horizon letters. 

Discont inui ty  a r a b i c  numberala precede 
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I .* 

I . . s '  

- Start8 with  2; any discontinuity below the f i r s t  one i o  numbered 
in requcnce 3-4,  etc. - - Numberr designating 8ubdivirionc of a horizon continue i n  CO~IICU- 

tivo.ordcr ~s.ros8 the  dirconcinuity ruch a8 Btl-ZBtZ-ZBt3-3Bt4- 
. MtS. 

- Buried horizon8 - I f  l i k e  a t e r i a l  above no prefix number 10 urad, 
just w e  8UffiX "b." 
numeral prefix and a f f i x  "b" 8UCh U . A .  8 .  C. Bb or A. B. C, a b ,  

I f  unlike W f e r h l  above, use arabic 

- In organic ooil~, d i r c u 8 t i ~ I t l u  a n  pot I d r o t i f f i d .  

- Identical designatlonr are rometfmer anedrd for ~ 0 ~ 1 s  rhieh hare 
t v o  or 
of different kind. The prime notation is uoed on the lwer  one 
of t h e  NO. 
and any lover ease ruf f ixer  f o l l w .  The prime in not uaed unless 
a11 letters of  the designations for the two hOritOll8 are the rame 
cuch aa A-Bt-C-B't, not in A-Bt-C-Bxt. 

more horizon8 al lke ,  but reparatad by at l errt  one horizon 

The prfmc i r  urcd with the mater horizon dc8igortlon 

iisi 

I 
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ISH - Appendix 1 

Chapter 5 

Map Units 

Chapter 5 

A u p  uni t  is a collection of area8 defined and named the same in terms of 
Ea& u p  un i t  d i f f e r s  in  t he i r  s o i l  components or  miscellaneous areas o r  both. 

some respect from a11 others i n  a suroey area and I s  uniquely ident i f ied  on a soil 
map. Each individual area on the m p  i r  a delineation. 

Hap uni ts  MY consist  dminantly O f  one component o r  of tvo o r  more components 
which a re  ident i f ied i n  the rime of the 88p unit. Components of minor u t e n t  not 
ident i f ied i n  the name of a map uni t  are inclusion8 which a re  discusoed on page6. 
A l l  contponents, whether dominant or inclurions, that a re  ident i f ied  as Important t o  
thr interpretat ions or  understanding of the u p  uit are described in the  mop unit  
description. 

or par t r  of polypedona tha t  a re  member8 of .the taxon or  a kind of mircellaneous 
area. 
Claroes of mircellaneous areas a re  t n a t e d ’ t h e  .Ut as s o i l  taxa  i n  r o i l  rurveys. 
A taxonomic uni t  description describes the ranger i a  s o i l  properties exhibited in 
the polypedonr for  the prps in A s m e y  area tht a re  referenced by thJt t u o n o a i c  
unit. I a x o n o q  f o r  the taxonomic class 
of uhich a taxonomic uni t  is  a d e r  but gurerrl ly the f u l l  range allowed by the 
taxonomic ~1.88 i s  not exhib ikd  in A smll survey area (<200,000 ha). 

I/ An’individual conrponent of a map unit reprerentr the col lect ion of polypedonr - 
Parts of polypedons are c-n when pbrr ts  are used t o  divide a axon.  

. 

The linits of these ranger a re  B e t  by 

A delineation of a u p  unit b.8 the came dominant component8 8s ident i f ied  and 

A doaixunt corponent i 8  represented in J del ineat ion by 
tubed i n  the map unit .  Also each delineation generally contains a representative 
of each kind of inclusion. 
a par t  of a polypedon, a complete polypedon, or several polypedons. 
polypedon is represented w h e n  t h e  phase criteria, vhich are dircurred OIL page 10, 
ruch as slope, requires that a polypedon be divided. A complete polmedon is 
represented when there a r e  00 p b r e  criteria requiring the rubdivlrion of the 
polypedon o r  the range of features exhibited bp the individual polypedon do not 
cross the limits of the phase. 
represented when the u p  unit coruiBt8 of tu0 o r  more dominant copponentr md’the 
pat tern i o  such t h a t  a t  l e a s t  one component is not tontinuou but occurs an 
f rolated bodies o r  polypedonr. 
represented by a part  of a polypedon, a coprpltte polypedon, or aevcral polypedons 
but t h e i r  extent is -11 re la t ive  to the extent of the domimnt coaponent(s). 
Soi l  boundaries can reldoo; be shown with complete accuracy on r o i l s  map,, hence 
pa r t r  and piecer of adjacent polypedona are ierdvcrfcntly included o r  excluded from 
delineations. 

the sumey and the pat te rn  of the Soil8 and .iscellancow area# in the landscape. 
The pat tern i n  nature is fixed and it i r  not exactly the same in each del ineat ion 
of a given m p  unit .  
units designed t o  meet the major objective8 of the runty .  

A p a r t  of a 

Several polypedoor of a corpoocnt may be 

Similarly, each inclurion in a delineation is 

The kind8 of map units used In a r w e y  depend primarily on the purposes of 

In s o i l  surveys there patterns murt be recognized and map 

1 

W S H  Notice - 63 9/11/80 



NSH - Appendix 1 Chapter 5 

Designing map uni t s  t o  indicate  s i g n i f i c a n t  differences i n  behavior between 
s o i l s  is par t icu lar ly  important t o  meet the  current  objectives of a SUWeg. 
Reflecting differences i n  genesis and morphology is a l s o  important, even if no 
inmediate differences i n  i n t e r p r e L t i o n s  a r e  knovn. Differences i n  s o i l  propert ies  
t h a t  do not a f f e c t  current  in te rpre ta t ions  may be important i n  the future.  However, 
having too many delineation8 ser ious ly  reduces the inmudiate usefulness of a s o i l  
map. Any potent ia l  benefi ts  m u s t  be weighed carefu l ly  against  the costs  incurred 
in making addi t ional  separations.  One object ive of every s o i l  survey is t o  
accumulate knowledge about r o i l s ,  bu t  t h i s  does not  w a n  t h a t  the  s o i l  map must 
show the  locat ion of e v e n  kind of s o i l  i n  a surpey area  o r  tha t  the publication 
must record a11 that could be learned about the s o i l r .  

Designing Hap Units 

While studying the  r o i l  pa t te rns  i n  d i f f e r e n t  hndsc8pe8, the roi l  s c i e n t i s t  
must keep i n  mind how b e s t  t o  r e l a t e  the pat te rns  i n  nrture t o  appropriate map 
Wits. 
s a t i s f y  the survey objectives m u i t  be determined. 
Every map uni t  that i s  t e n t a t i v e l y  i d e n t i f i e d  is  evaluated by two tests: (1) Can it 
be mapped consistently? 

The kinds of map uni t s ,  the level of s o i l  taxa,  and the phaser needed t o  
This requires  many judgments. 

(2) Is it needed to-meet the objective8 of the rurvey? 

Taxonomic c lasses  provide the b a s i c  rets of s o i l  p roper t ies  with vhich r o i l  
map uni t s  a r e  defined. 
re la ted t o  the signif icance of r o i l  p roper t ies  p d  combin~tionr  of properties.  
They provide predefined rets of r o i l  p roper t ies  th8t have been tes ted  f o r  genet ic  
relationships and f o r  in te rpre t ive  Value. 
the components of po ten t ia l  m8p a t 8  in an unfamiliar area. 
taxa is much e a s i e r  than independently r o r t i n g  o u t  sets of propert ies  and 
determining s igni f icant  C h S 8  limit..  

They r u m ~ r i t e  an h e n r e  amount of research and experience 

Taxa provide a firm base f o r  recognizing 
Using er tabl i rhed 

The objectives of a survey d e t e a i n e  the kind of u p  unitr and the taxonomic 
leve l  used t o  ident i fy  components of  u p  uni t s .  
and 2nd order surpeps), decir ions uut be made about what c r i t e r i a  t o  ure t o  
recognize phases of s o i l  rerier, how broadly o r  Mrrovly  t o  def ine the phases, 8nd 
whether s imilar  phases of d i f f e r e n t  sericr have such s imi la r  in te rpre ta t ions  that 
they can be combined. For the less d e t a i l e d  survey8 (3rd, bth,  and 5 t h  order 
surveys), decisions must be made about how the coraplexitier of r o i l 8  in l a rge  a reas  
can be ident i f ied  bes t  f o r  purpose8 of the ruIPt9, wh8t a r roc ia t ionr  of r o i l 8  
characterize u e f u l  and mappable units, what taxonomic l e v e l  should be w e d  in 
naming map uni ts ,  and vhich phases contr ibute  t o  the urefulnerr  of the m p  units. 

For the more detai led rurpeys (1st 

The names of r o i l  taxa,  d o n g  with one o r  more modifying terms, a r e  used t o  
ident i fy  the s o i l s  in map rmitr. 
f o r  example, indicate8 t h a t  r o i l  of the T8ma rerier i r  dominant i n  tht m p  uni t .  
The names of t.xa of higher categoric8 8re a180 used in map u n i t  names, espec ia l ly  
on small scale  maps. 
consisting dominantly of s o i l s  of the Ildoll suborder, vhich include8 T a m  and o t h e r  
series. The name of a t u o n  of the lwert categorp tha t  accurately i d e n t i f i e r  the 
dominant r o i l  is comoaly urcd. 

The name " T w  r i l t  loam, 2 to 5 percent.slopes," 

l l d o l l r ,  rollin8," f o r  example, i d e n t i f i e r  a map u n i t  
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The s o i l  s e r i e a  category i s  the most homogeneous category i n  the  taxonomy used 
i n  t h e  United S ta tes .  As a class  a s e r i e s  i s  a group of s o i l s  t h a t  have horizons 
s imi la r  i n  arrangement and i n  d i f fe ren t ia t ing  charac te r i s t ics .  
series have a r e l a t i v e l y  narrow range i n  sets of propert ies ,  although t h e  surface 
layer  and such fea tures  JS slope, stoniness,  degree of erosion, and topographic 
posi t ion may vary unless these features  a r e  JSSOCi8tcd v i t h  s i g n i f i c a n t  differences 
i n  the kind and arrangement of horizons. 

S o i l  series a r e  d i f fe ren t ia ted  on a l l  the  d i f f e r e n t i a  of t h e  higher categories  
plus  those addi t ional  and s igni f icant  propert ies  i n  t h e  series control  sect ion.  
Some of the proper t ies  conmonly used t o  d i f f e r e n t i a t e  series a r e  the kind, 
thickness,  and arrangement of horizons and t h e i r  s t r u c t u r e ,  color ,  t ex ture ,  
react ion,  consistence, content of carboaates and o ther  s a l t s ,  content of humus, 
content of rock fragments, and mineralogical composition. A s i g n i f i c a n t  difference 
i n  any one of these propert ies  can be the basis f o r  recognizing a d i f f e r e n t  series. 
V e r y  ra re ly ,  however, do two s o i l  series d i f f e r  i n  j u s t  one of these * 

charac te r i s t ics .  Host charac te r i s t ics  a r e  genet ical ly  re la ted ,  and usua l ly  several  
change together.  

The s o i l s  of J 

Some land areas  have no s o i l  and thus support l i t t l e  o r  no vegetat ion v i thout  
major reclamation. 
miscellaneous areas.  

Rock outcrop is  an example. Such areas  a r e  c a l l e d  
The names of the d i f fe ren t  kinds of miscellaneous areas--such 

a s  "Beaches," "Rock outcrop," "DUpa," and "Badland"--are used i n  the same manner 
as t h e  names of s o i l  taxa t o  ident i fy  map uni ts .  

-'r 

-4 

Within each sunwy, s o i l  nap u n i t s  can be designed v i t h  component UXJ of low --* 

or  high categories t h a t  r e f l e c t  narrowly or  broadly defined ranges of  s o i l  
propert ies .  
s o i l  taxonomic units and mapping inclusions. 
of map u n i t s  that w i l l  be most useful f o r  the p u q o s e s  of a s p e c i f i c  rurvey as w e l l  
a s  t o  a t t a i n  a s  much uniformity in mapping JS possible.  

Also s o i l  map Unit8 can be.designed w i t h  d i f f e r e n t  compositions of 
This f l e x i b i l i t y  p e m i t s  the design 

If a property of a taxoa'has too vide J range f o r  the  i n k r p r e t . t i o n s  needed 
or i f  some fea ture  outside the r o i l  i t s e l f  is s i g n i f i c a n t  f o r  use and management, 
these a r e  bases f o r  defining p h ~ s e r .  
range of features  exhibited by J taxon, but  phases can be based on a t t r i b u t e 8  such 
as f r o s t  hazard, character  of the deeper substratum, o r  physiographic p o s i t i o n  t h a t  
a r e  not c h a r a c t e r i r t l c r  used t o  ident i fy  t ~ x a  but th8t a f f e c t  use and management. 
I f  these VJW from place t o  place w i t h i n  the  survey area ,  phases can be defined t o  
accommodate the differences.  

A s o i l  map unit t h a t  bears the name of a phase of a taxon cons is t s  dominantly 
of t h a t  p b s e  of the taxon, but a l s o  includes other s o i l  components. 
components a r e  included because of the l imitat ions imposed by the s c a l e  of mapping 
and the  number of points  that can be examined. 
superimposed on t h e  pa t te rn  of s o i l  i n  nature,  areas  e taxonomic c lasses  r a r e l y ,  
i f  ever,  coincide precisely with mappable areas. Some polypedons a r e  too -11 t o  

Phares COmDonly include only p a r t  of the 

The other  

When the limits of s o i l  taxa 
-- -- - 
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be drawn on the  map and a r e  included i n  delineations named for  another s o i l .  
boundaries between polypedons a r e  not everywhere SO obvious t h a t  they can be 
plot ted precisely on a map, so p a r t  of one polypedon i s  comonly included i n  the  
delineation of an adjacent polypedon. 
intermingled t h a t  mappable a reas  a r e  necessarily ident i f ied Fn term6 of two of more 
taxa. Other polypedons are not  e a s i l y  distinguished from similar  adjacent ones and 
are  inadvertently o r  de l ibera te ly  included i n  de lhea t iona  named f o r  other  s o i l s  
because apparent differences i n  use and management a r e  sa8ll. 

The 

Some polypcdons a r e  so int imately 

As methods of measuring s o i l  p roper t ies  a r e  refined, as experience in the 
f i e l d  increases,  and as use and management requirements are in tens i f ied ,  
progressively narrover ranges i n  s o i l  propert ies  cur be recognized and establ ished.  
Narrow ranges of propert ies  a r e  not es tabl ished jut because methods permit it. 
Unnecessary separations are time-consuming t o  del ineate  consistently,  urd. they make 
the survey more d i f f i c u l t  t o  use. 
different  but mappable u n i t s  makes 8 sumey less useful. 
map uni t  must be constantly evaluated during the  mpping process. 

However, D O t  separating two s i g n i f i c a n t l y  
Tbe~signif icance of each 

Phase d is t inc t ions  must be compatible v i t h  natural  var iab i l i ty .  Io 
i l l u s t r a t e ,  a series may range i n  depth t o  bedrock from 1 m t o  more than 2 r. For 
some uses A separation a t  1.5 m would be s ignif icant .  Yet, i f  w i t h i n  a suxvey area 
the s o i l s  of the series ranges i n  depth t o  bedrock from s l i g h t l y  less than 1.5 I t o  
s l i g h t l y  more, designrting tvo depth phases, vith t h e  break a t  1.5 r; cannot be 
j u s t i f i e d .  
centimeters i n  depth is l i k e l y  t o  be of minor significance.  
b e t t e r  t o  designate only one phase on t h e  bas i s  of depth t o  bedrock. 
t ion  of the  map unit should, of course, give the depth rurge. 

The mapping is l i k e l y  t o  be inconsistent and the  difference of a feu 
In  t h i s  case it is far 

The descrip- 

Another example: I n  some areas  a slope of 8 percent is 8bout the upper l i m i t  
f o r  cropping many s o i l s  without spec ia l  p rac t ices  f o r  erorion control. Yet in  some 
s e r i e s  a large p a r t  of the  s o i l  has slopes of less th8n 3 percent, most of the rest 
has slopes of 6 t o  10 percent,  and a 8-11 acreage has slopes of 3 t o  6 percent. 
Dividing phases of such s o i l s  a t  8 percent slope would produce a large number of 
delineations having gradient a l i t t l e  below 8 percent and a l a rge  number having 
gradient a l i t t l e  above 8 percent. 
phases thus defined would probably not  be consis tent ly  s ignif icant .  
s o i l s ,  slope phases could be se t  a t  0 t o  3 percent, 3 t o  6 percent, and 6 t o  10 
percent; o r ,  i f  there i o  l i t t l e  o r  no signif icance of the break a t  3 percent,  they 
could be set a t  0 t o  6 percent and 6 t o  10 percent. 

As an i l l w t r a t i o n  
t h a t  i s  relevant t o  farming, i n  hypothetical  rurpey area the polypedom-of Alph8 
s o i l s  a r e  s imilar  i n  a l l  p roper t ies  except rtoniness and slope. The arear  raage 
from nearly stone-free to  very .tony and from undulating t o  rteep. The most 
important s ing le  d i s t i n c t i o n  f o r  farming is the dis t inc t ion  between areas that  CJU 
be cul t ivated feas ib ly  and areas  that cannot. 
stoniness could be combined v i t h  four mppable c lasres  of slope--a t o t a l  of 12 
potent ia l  phases. 
combinations of degrees of slope and degrees of stoninerr within the  limits t h a t  
permit cul t ivat ion.  
would confuse the user v i t h  unnecessary d e t a i l  more t h n  it would help. Perhaps 
two, and probably no more than three,  phases are  a d e q u ~ t e  f o r  811 s i g n i f i c a n t  

The differences in in te rpre ta t ioor  of the 
For there 

Phases must a l s o  be compatible with p r a c t i c a l  objectives. 

As m80y as three u p p a b l e  c lasses  of 

Four of these twelve phases might be used t o  d is t inguish  

Using the remining  eight  t o  subdivide the  n o n ~ r a b l e  a reas  

4 
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d is t inc t ions  among nonarable nreas i f  the survey area is  t o  be used primarily f o r  
farming. 

Chapter 5 

A l i s t  of po ten t ia l ly  useful phases i s  as follows: 

A. Arable areas: 

1. An undulating, nonstony phase 
2 .  
3. A ro l l ing ,  nonstony phase 
4. 

An undulating, moderately stony phase 

A ro l l ing ,  m d e r a t e l y  stony phase 

B. Nonarable areas: 

1. 
2. 
3. 

An undulating and ro l l ing ,  very stony phase 
A h i l l y  phaet (ranging from nonstony t o  very stony) 
A steep phase (ranging from nonstony t o  very stony) 

I f  t h e  s o i l  map is t o  be used f o r  planning operations re la ted  t o  f o r e s t r y  or 
other aon-fanning a c t i v i t i e s ,  other dio t inc t ions  may be needed. 

Improper use of phases t o  designate map units and misinterpretat ion of s o i l  
survey procedures can r e s u l t  i n  unteasorrrbly de ta i led  s o i l  maps del ineat ing 
*Ymecessary map uni t s  o r  i n  less d e t a i l  than i o  needed t&accomplirh the object ives  
of the  survey. 
surface texture ,  depth, slope, accelerated erosion, aad stoniners--ar p h s e  
c r i t e r i a ,  and then w i n g  811 c d b t i o r u  of these in def in ing  phaser, is easy, but 
creates  problems. A large number o f  meaningless map Wit8  Cau8es e r rors  8nd hi@ 
costs a l l  through a s o i l  survey. 

Using preestablished c lasses  of selected s o i l  propcttits-such as 

. 

Classes of s o i l  propert ies  a r e  not necessar i ly  used d i r e c t l y  aa phases. 
Defined c l a s s  limits of propert ies  a r e  designed f o r  convenient descr ipt ion of s o i l ,  
and they can also be used to define p b r e s  of s o i l  where appropriate. But they a r e  
not useful f o r  a11 so i l s .  Dist inct ions s i g n i f i c a n t  f o r  one kind of soil are not 
s ign i f icant  f o r  every other kind. Any s ingle  property is r ign i f icant  only through 
i ts  in te rac t ions  w i t h  other properties.  The usefulness of each phase must be 
repeatedly t e s t e d  and ver i f ied  during 8 surrey. Separate phases of a taxon muat 
d i f f e r  s ign i f icant ly  i n  behavior. Similar  phases of di*ferent  taxa may be combined, 
and t h e  combination described, i f  no useful purpose w i l l  be semed by separat ing 
them in mapping. 
provide evidence of s i m i l a r i t i e s  and differences between map units.  

The interpretat ion8 prepared d u r h t  the course of a sumey 

The j u s t i f i c a t i o n  for mort phases rests on behavior of s o i l s  under use. A t  
l e a s t  one statement about r o i l  behavior must be unique t o  each phase of a taxon, 
and the differences of r o i l  propert ies  must exceed nornu1 e r r o r s  of obremation.  

The object  of s o i l  sumcy is not  rimply gathering fact.: the objec t  i r  gathering 
F i e l d  relevant facts , .present ing them on u p s ,  urd in te rpre t ing  there f8cts. 

records and observations together with other  re levant  information oust be 
coordinated i n  defining phases and map u n i t s  that meet the objectives of a s o i l  
survey. 
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New s e r i e s ,  v a r i a n t s ,  and taxadjuncts 

Some s o i l s  a r e  outs ide the limits of any recognized s o i l  series and have 
unique sets of ' p roper t ies .  
f i r s t  recognized, it is  described and ident i f ied as a taxon of the lowest category 
i n  which i t  can be c l a s s i f i e d .  
unit. I n  some surveys,  including v i r t u a l l y  a l l  1st and 2nd order surveys, g rea te r  
refinement of d e f i n i t i o n  is  needed. 
series, but  the new series remains ten ta t ive  u n t i l  i ts  propert ies  can be described 
i n  d e t a i l ,  its exten t  determined, and any confl ic ts  w i t h  es tabl ished series resolved. 
If the s o i l  proves t o  be unique and s ignif icant  i n  extent,  it is establ ished as 
A new series. 

These a r e  potent ia l  new series. When sucb a s o i l  is 

A phase of that taxon can be used t o  i d e n t i f y  a map 

For these, the s o i l  i r  proposed as a new 

Some unique kinds of r o i l s  do not occupy 8-hrgeeUOUgh tet8)rcrrea;to warrant 
the establishment of a new series. 
Variants d i f f e r  enough in one o r  more properties from the series f o r  which they a r e  
named that u j o r  InterpretAtions f o r  comparable pharer a r e  d i f fe ren t .  
named by adding the vord "Variant" t o  the name of a closely re la ted  a e r i e s ,  
preferably one v i t h i n  the survey area: 

These are  called r . t i m  of s o i l  series. 

They are 

Gale Variant. 

A kind of s o i l  is comonly i d e n t i f i e d  AS A var ian t  i f  i ts  t o t a l  known area  i s  
l e s s  than about 800 ha. 
area of a v a r i a n t  is eventually recognized, the s o i l  i o  es tabl ished a8 a n e w  
ser ies .  
and defined as a e r i e s  even though the t o t a l  known extent i s  lers th8n 800 ha, but  
t h i s  is r a r e l y  done. 

Variants a r e  potent ia l  r o i l  rerier, rnd i f  a s i g n i f i c a n t  

Some s o i l s  that contrast  r t rongly w i t h  a l l  e r t ~ b l i r h e d  series may be named 

h 

Taxadjuncts a r e  polypedons that have propertier outside the range of any 
recognized aer ies .  
propert ier  8nd t o  so 8-11 8 degree that m8jor interpretat ion8 are nmt affect&. 
taxadjunct is given the anme of an established serier that  is mrt rimllar i n  
charac te r i s t ics .  I t  is 
t reated as i f  it v e r t  a member of the M w d  ser ies ,  and it8 i n t e r p r e t a t i o n s  a r e  
s imilar  t o  those f o r  comparable phase8 of the r e r i e s  f o r  w h i c h  it Is named. The 
difference from the establ ished series is described. ErAnrplc: A p o t e n t i a l  series 
is in a f i n e - s i l t y  family p a r t i c l e  size class ,  margin81 t o  f i a t - l o w ;  however, It 
d i f f e r s  from an establ ished f i n e - l o w  rerier i n  only p a r t i c l e  size and no 
appropriate f i n e - s i l t y  series ha8 been identified.  
the name of the es tab l i shed  series, and a new r e r i e r  is not  propored. If pedons 
sampled t o  represent  a spec i f ic  series a r e  taxrdjunctr t o  t h a t  rerie8 the 
polypedons so represented a r e  referenced as taxadjuncts. 

W s v e r , . . f u a d j u a c t r .  d i f f c r - f r a  rrcco@.zd s e r i a m - ~ a w f e w  
A 

I t  it  an adjunct t o ,  but not p a r t  o f ,  the named series. 

The potclltirl rerier is given 

Inclusions within map units 

of r o i l  components or mircellaneoua areas  tha t  a r e  not i d e n t i f i e d  i n  the name of 
the map uni t .  
separately.  
f i e l d  methods. Some mapping inclusions are  del iberately placed In del ineat ions 
ident i f ied  as another taxon t o  avoid excessive d e t a i l  of the map o r  the legend. 

In a l l  ro i l . rurveys ,  v i r t u a l l y  every delineation of A map unit includes a reas  

Many areas  of these components a re  t o o  16811 t o  be del ineated 
The loca t ion  of some components cannot be i d e n t i f i e d  by p r a c t i c a l  

6 
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Inclusions reduce the homogeneity of map u n i t s  and m y  a f f e c t  in te rpre ta t ions .  
The objective i s  t o  define map u n i t s  t h a t  w i l l  contain as  few inclusions a s  
prac t ica l  of components t h a t  behave d i f fe ren t ly  from the named taxa. 
uni ts  must be so defined t h a t  they can be recognized and delineated consis tent ly  i n  
t h e  f i e l d .  

Also, map 

The amount of inclusions measures the taxonomic p u r i t y  of map uni t s .  The 

P u r i t y  of map uni to  is, in p a r t ,  
amount and degree of contrast  of inclusions with the reference taxa can be used t o  
estimate the in te rpre t ive  p u r i t y  of map wits. 
the r e s u l t  of A conscious decision based on the intended uses of A s o i l  survey. 
The actual  amount of inclusions is  estimated from obsenmtionr made during the 
sumey and adjustments i n  mapping made i f  appropriate.  

When map uni t s  a r e  defined, judgment must be exercised about the e f f e c t s  of 
inciusions on management and about how much e f f o r t  i 8  j u r t i f i e d  t o  keep the amount 
of inclusions small. 
differences between components i s  useful. 
are compared as  s imilar .  
as d i s s b i l a r .  

In exercising these judgmentr, v i r u l i t i n g  two kinds of 
If differences a r e  small, the components 

~ 

I f  differences a r e  large,  the component8 a r e  contrasted 

Similar components occur together i n  landscape8, a r e  a l i k e  o r  much a l i k e  in 

Differences a r e  beyond t h e  limits of the reference taxon o r  phase c l a m  
most properties,  and share 1 b i f E  of those d iagnor t ic  propert ies  in which they 
differ .  
but generally are  within o r  s l i g h t l y  beyond noma1 er ror8  of obsemation. 
only a f e w  limits a r e  shared o r  t h e  range i o  rosrll, in terpretat ion8 f o r  most conmon 
uses are  a l i k e  or reasonably s imilar  and the i n t e r p r e t i v e  p u r i t y  of a map u n i t  is 
not affected.  

Because - 

Dissimilar components on the  other  Mnd, d i f f e r  appreciably in one o r  more 
properties,  and the differences generally a r e  g r e a t  enough to a f f e c t  major 
interpretat ions.  
nonlimiting r e l a t i v e  t o  the in te rpre ta t ions  being considered. 

Some diss imi la r  component a r e  l imi t ing ,  8nd others  a r e  

I f  an inclusion docs not restrict the use of entire a r u m  o r  impose 
l imitations on the f e a s i b i l i t y  of management p r a c t i c e r ,  i t 8  *act on predict ions 
for the  map unit i r  smll. 
r e s t r i c t i o n r  on use than the dominant r o i l  of a map un i t  do not  adversely a f f e c t  
prediction# about t h e  u n i t  a8 a whole and they m8y even be beneficial .  
inclusions a r e  nonlimiting and the interpretive p u r i t y  of a map unit f o r  mort 
interpretat ions i s  not a l te red .  

For example, the inclusion of many small a r e a r  hrvlng r loper  of 4 t o  8 percent 
in  an area having slopes mainly of 15 t o  Z percent  h8r no adverse e f f e c t  on rue of 
the area f o r  most purposer. 
Hapludrlfs in areas  dondarted by Typic Ochraqrulfr having propert ies  r l m i l a r  except 
f o r  those related t o  grea te r  uetness I8 w u l l p  non1iPiting f o r  mort c m o n  uses. 
Spots of the drier  80il  i n  the gt?fWrally wet a rea  rry a f f e c t  lome urer  f o r  which 
homogeneity i s  important, but  they do not place general  r e s t r i c t i o n s  on mort uses 
of the area.  

Inclurions of r o i l  coolponenta having ferr severe 

Such 

Similarly, the iotlU8iOn of 8 1 ~ 1 1  area8 of Aquic 

If an inclusion has s ign i f icant ly  lower p o t e n t i a l  f o r  ure  than t h e  dominant 
component i n  the map uni t  o r  a f f e c t s  the f e a s i b i l i t y  of meeting management needs, 8 
small amount i n  a map u n i t  can a f f e c t  predict ion8 greatly.  These a r e  the most 
c r i t i c a l  inclusions because they decrease the i n t e r p r e t i v e  pur i ty  of MP uni t s .  
Even a small area having slopes of 15 t o  25 percent i n  a map u n i t  dominated by 
slopes of 4 t o  8 percent can ser iously a f f e c t  t h e  use of the  area f o r  many purposes. 

7 
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Small inclusions of Typic Ochraqul fs  i n  areas  of Aquic Haplu&lfs u y  be 
control l ing.  
l imi t ing  . Even though the areas  of the  Typic Ochraqulfr  are mll, they may be 

S o i l s  t h a t  cannot be used f e a r i b l y  f o r  the  r ~ m e  purporer a8 the surrounding 
s o i l  a r e  espec ia l ly  c r i t i c a l .  
permits it and i f  showing them w i l l  improve the urefulners of the u p  f o r  u j o r  
ant ic ipated uses. 
the  map by spec ia l  symbols. 
consis tent  repeating p a t t e r n  and a f f e c t  we or manageiwnt d i f fe ren t ly ,  they are 
mapped together JS J complex. 

They a r e  separately delineated if the u p  rcale 

Areas too small t o  del ineate  u y  be ident i f ied  and located on 
If two kinds of r o i l s  l ie  in r ~ l l  area8 Ln 8 

Some inclusions may be l imi t ing  f o r  one kind of use and nonlimithg-or even 
beneficial--for another kind. 
v i t h i n  a map uni t  domiluted by well drained r o i l  sry produce lower y i e l d s  of mort 
crops o r  be impractical  t o  c u l t i v a t e  because of wetnerr but be much betkr ru i ted  
f o r  excavated ponds. There co~mooly are d i f fe ren t  in te rpre t ive  p u r i t i e s  of J u p  
u n i t  depending on t h e  r p e c i f i c  interpretat ion.  

For ex6arple. a r o i l  vith J high water t a b l e  included 

Kinds of Map Units 

Soi l s  d i f f e r  i n  size and shape of t h e i r  areas, in degree of cont ras t  vith 
adjacent s o i l s ,  and i n  geographic relationships.  
i n  s o i l  surveys t o  show the re lat ionships .  

’’ consociations, complexes, associat ionr ,  and undifferentiated #?OUP8. 

Consociations 

Four kindr of rrp  unit8 a r e  ured 
The four kindr of u p  Udtr  are: 

In a consociation del ineated w e a r  a r e  domin8ted by a r ing le  s o i l  taxon (or 
miscellaneous area) and s imi la r  r o i l r .  A. a rule ,  a t  l e a s t  one-half of the pedons 
in each del ineat ion of a sot) con8ocfation a r e  of the S.W r o i l  component providing 
the  name f o r  the nap uni t .  - Mort of the remainder of the del ineat ioo c o ~ i r t r  of 
s o i l  components so s imi la r  t o  the named r o i l  that major in te rpre ta t ions  a n  n o t  
affected s igni f icant ly .  
components in J MP u n i t  generally doer not  exceed about 15 percent if lioitw and 
25 percent i f  aonlimiting, vith a s ingle  component of d i r s imi la r  l i r i t i n g  inclusion 
generally not  exceeding 10 percent i f  very contrarting. The amount o f  d i s s i r f l a r  
inclusions i n  an individual  del ineat lon of a u p  uuit c m  be g r e a t e r  tbur this i f  
no useful  purpose would be rerved by defining a nev u p  unit. The r o i l  fn a 
consociation may be i d e n t i f i e d  a t  any taxonomic level. 

, 

The t o t a l  w u n t  of d i r rh i1 . r  hClU8iopr of other 

a 

A consociation named f o r  a kind of miscellaneous area i r  dominated by the kind 

Generrlly, t h i r  Y~IU that lesr than 
of area f o r  which it i r  named t o  the extent that any inclurionr do not 
s i g n i f i c a n t l y  a f f e c t  the use of the u p  unit. 
about 15 percent of any d e l i a m t i o n  is r o i l  o r  le88 than about 
kinds of miscellaneour areas.  
miscellaneous area and the kind, r i te,  and pa t te rn  of the inclur iopr .  

percent is other  
Perceat~ges rry vaxy, depending on the kind of 

Some consociations cons is t  of tvo o r  more d i r r i 8 i l a r  pharer of a rerier that 

Each of t h e  phases in question exceed about 15 percent  in a l l  

If the  COn8OCiatiOn C O M i S t 8  

occur i n  such an i n t r i c a t e  p a t t e r n  t h a t  they cannot be upped separa te ly  a t  a s c a l e  
of about-1:24,000. 
del ineat ions.  
slopes and Alpha s i l t y  c lay,  0 t o  3 percent rloper.  
of such a mixture of d i ss imi la r  r u r f a c t  texture phJ8e8 of the r ~ m e  rericr both 
t e x t u r a l  c l a s s  names separated by a hyphen i r  ured followin( the rericr puc: 
Alpha sand-si l ty  c lay,  0 t o  3 percent slopes. 

An example of  two d iss imi la r  phases is Alphr rand, 0 to 3 percent 

8 
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Consociations a re  nnmed f o r  the phase of t h e  taxon o r  miscellaneous a rea  t h a t  
dominates the map u n i t  i f  the potent ia l  phases a r e  s imilar :  
loam, 0 t o  3 percent slopes; Antilon grave l ly  s i l t  loam, deep, 0 t o  3 percent  
s lopes ;  Badland; Boughton muck; Rock outcrop; Typic Fragiochreptr, ro l l ing .  

Complexes and associations 

Aldervood grave l ly  

Complexes and a s r o c i r t i o ~  cons is t  of two o r  &re d i s s l ~ i l a r  t ~ x a  cowponents 
o r  miscellaneous areas occurring in a regular ly  repeating pat tern.  
following arb i t ra ry  r u l e  re la ted  t o  mapping scale determines whether the n8me 
complex o r  associat ion be used. 
separately a t  a sca le  of about 1:24,000. 
can be separated. In either care,  the major taxa co~ponent r  a r e  s u f f i c i e n t l y  
d i f fe ren t  i n  morphology o r  behavior that the map u n i t  cannot be cal led A 
consociation. In each del ineat ion of e i t h e r  a C o P p l e X  o r  .11 8asoci8tion, ~ 1 1  of 
the m j o r  componentr a n  n o r u l l y  present ,  though their proportions may vary 
appreciably from one del ineat ion t o  mother .  The t o t 8 1  amount of inclur ions t h a t  
are diss imilar  t o  any of the major components does not  exceed about 15 percent  if 
l imit ing and 25 percent i f  nonlimiting in A map unit, with a s ingle  kind of 
dissimilar  l imi t ing  inclusion generally n o t  exceeding 10 percent if very 
contrasting. 

usually s o i l  series Jofned by hyphens. 
component, i ts  name is used as though it were the mme of a taxon. The names of 
two o r  three taxa, r a r e l y  four ,  MY be used to xmme A complex, followed by the 
surface texture  phase term if the surface texture of a11 major components is the 
same, otherwise the taxa a r e  followed by the word "complex." The ame of the most 
extensive component is giwen first. Example8: Sh8rkey-filigator clays; 
S~gge-Duncan-Hughesville complex; ~ r a v e ~ r i ~ a - ~ o c t  outcrop coap!u; 
Gem-Springerville complex, 0 to 5 percent 8 1 O p e 8 .  

"association" alvayr appears in the name. Examples: Cohoe-KeMi ar roc ia t ion ;  
Cohoe-Keaai arrociat ion,  steep; Burton-Cuthbert-Smut. asrociat ioa;  Hollis-Rock 

Crete-Butler f a d l i e s  as roc i r t ion ;  Tppic Pragiochrepts -kr ic  Fragiaqueptr 
association; Fragiochrepts-Fragfaqucptr association; Ochtept8-AqkUpt8 association; 

Only the 

The major component8 of a complex canaot be mapped 
The major coraponentr of an arsoc ia t ion  - 

The first p a r t  of the ouc o f  a s o i l  complex 58 formed by wing ~ . # s  of taxa, 
If  a r iscel laneour  area is an extemive -* 

Names -of asrociat ion8 are siailar t o  thorc of CompleXe8 except that the word 

Outcrop a88OCi8tiOn. b r O C i A f % -  Cm 8 h O  bc W d  f o r  U X 8  O f  highrr C 8 t e s O d e 8 :  

Ochrepts-Aquepts 8 8 8 O C i A t i O n ,  Vew #tony. 

Undifferentiated groupr 

Undifferentiated groups consirt of two or more taxa component8 thBt are not 
conris tent ly  a88OCiated geographically but  that are included in the same u p  u n i t  
because use and managenent a n  the same o r  very s imi la r  f o r  c-on wes. 
they a r e  included together because some conmon fea ture  ruch an steepness, 
stoniness,  o r  f l o o d b g  determines use 4nd management. For example, i f  t w o  or more 
very steep roils geographically separated a r c  80 s imi la r  in their p o t e n t i a l s  f o r  
use and management t h a t  u p p i n g  them separately vould serve no useful purport  they 
m y  be placed in the 8- r r p  Wt. Every del ineat ion b s  a t  h a r t  one of the  
major componentr and some m y  have a11 of them. The s m e  principles  regarding 
proportion of inclusions apply t o  undifferent ia ted #roup8 as to consociationr. 

Generally 

' 

The tern "undifferentiated group" refers t o  groupr of taxa a t  the level of 
c lass i f ica t ion  indicated in the name Of the map Unit, not  t o  a #ingle  taxon -de up 
of taxa a t  lover levels .  Thus, "E~ploboro l l s ,  ro l l ing ,"  though undifferent ia ted 
v i t h  respect t o  a l l  of the rubgroups, families, and series v i t h i n  it, is a 
consociation, not an undifferent ia ted group of Hsploborolls. 

9 
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The name of an undifferentiated group i d e n t i f i e s  t h e  p r i n c i p a l  components, but 
t h e  map u n i t  is  ident i f ied  by one rymbol on the map and by one name: 
Wellsboro channery s i l t  10-8, very r teep,  is  an undifferent ia ted group of very 
s teep  s o i l s  of two r e r i e s ;  Renshaw and Sioux r o i l s ,  undulating, i a  an 
undifferent ia ted group of r o i l s  i n  two r e r i e s  that have d l f f e r e n t  surface tex ture  
phases. 
some places ,  but  e i t h e r  ary be by i t s e l f  i n  o ther  placer .  
connecting the names of t h c . k x a  dir t inguisher  undiffereat ia ted groups from 
complexes, JSSOCiJtiOnS, and CO~OCiatiOZS. 

Hardin and 

The areas  of very r teep Uardin and Wellsboro r o i l s  lray be r i d e  by r i d e  i n  
The word "and" 

Complexes o r  associations, not  undifferent ia ted groups, should be used in  
mapping legends if tvo o r  more d i r t i n c t i v e  kinds of r o i l s  o r  r i rce l laneour  areas  
a r e  cons is ten t ly  associated i n  the delineations.  
r e l a t i v e  proportion8 of component8 of CompleXer Jnd J E I O C i J f i O D I  are important in 
in te rpre t ing  map uni ts .  
t h a t  both kinds of r o i l  vi11 be in each del ineat ion of that a r p  uni t .  
implies t h a t  they are arrociated in th . raCtet lSt iC p a t t e n u  and proportions,  which 
a r e  described. 
s o i l s ,  o r  possibly both, MY be in any p a r t i c u l a r  del ineat ion.  

The geographfc p a t t e r n  and 

'Ihc name "Cohoe-Kemi 888OCiatiOn," f o r  example, indicates  
I t  a l s o  

The name "Cohoe and Xenai roi1s" ray8 th8t eiwr Cohoe or K e n r i  

Phase8 are func t loMl  groupings created t o  serve apec i f ic  purpores In 
individual  s o i l  surveys. A r r p  un i t  carrying the o.# of 8 r o l l  p h ~ r e  i r  one 
example of the bridge between Uronwy and mapping. 
c l a s s  of any category. Difference8 in r o i l  o r  enviromment.1 feature8 that are 
s i g n i f i c a n t  t o  use, mJnJgement, o r  behavior are the barer  for d e r i g n ~ t i n g  r o i l  
phases. 
c h a r a c t e r i s t i c s  that  uniquely ident i fy  the unit a r e  general ly  tued In I t a  name. 

Pharer can be defined f o r  any 

To keep MP unit name8 from being too  CUmberroDe, only thore phare 

Axty property or combimtlon of propert ier  th8t doer not  duplicate c h r r  llmits 
f o r  a taxon can be used t o  d i f f e r e n t i a t e  phaoer, and any Value of a property can be 
set  t o  divide phases. The choicer of propert ier  and l imit8 are d e t e r m a d  by the  
purposes of the rurvey and by hou conrir tent ly  the phare cri teria can be applied. 
Because objective8 d i f f e r  from one r o i l  survey t o  another,  llmlts and ranger of J 

property or  a t t r i b u t e  m y  81.0 d i f f e r  from one ruroey t o  another. 
phase c r i t e r i a  are given lerr of a range where 8011 use i r  intensive (am f o r  
i r r i g a t e d  farming o r  urban development) and more of a rmge where rue I8 extenrive 
(as f o r  f o r e s t r y  o r  grating). 

In general ,  

Following are  dircurr ionr  of the a t t r i b u t e 8  mort C o ~ O O l y  w e d  in defialng 
phases i n  r o i l  rurpeys. - 

s igni f icance  f o r  use of the r o i l ,  it8 t ex ture  l r  cornonly ind ica ted  in the  -8 of 
phases bearing the w e 8  of i o i l  rerier. 
undifferent ia ted groups in vhich the component tu. have d f f f e r c n t  rurface texture8 
and 8SSOCiafiOM. 

Texture of the rur f rce  layer.--Because the surface l a y e r  has s p e c i a l  

b c q J t i o M  are: COmph~e8 and 

These phases generally ident i fy  the dominant texture  of  a mineral l a y e r  about 
equal t o  t h a t  cornonly mixed in t i l l a g e ,  but  the thickaer8 of t h i o  layer  var ie r  by 
region, kind of s o i l ,  aad we. 
mineral layer  mixed t o  a depth of 12 t o  25 cm. 
the  tex ture  t h a t  would be produced by mixing is  e r t i m t e d .  

Tbe t e x t u r e . l d e a t i f i e d  I s  genera l ly  t h a t  of t 
I f  the l a y e r  has not  been mixed, 

I f  a f t e r  mixing the 
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layer  is  organic, terms f o r  organic mater ia l  a r e  used t o  name the  phase. 
areas such as  deser ta ,  where t h e  surface layer  is normally t h i n  and c u l t i v a t i o n  is  

than 12 cm thick.  

I n  some 

. unlikely,  the  texture  of the A horizon can be used i n  naming phases even i f  less 

Texture c lasses  o r  tex ture  groups are used t o  -me texture  phases. Basic 
texture  c lass  names (such a s  "sand," "f ine sandy loam," and "silt loam") follow the 
name of a s o i l  s e r i e s :  Alpha sandy loam. The terms f o r  tex tura l  groups (such as  
"medium textured" and "loamy1') are used f o r  names of classes  i n  categories  above 
the ser ies :  Alpha family, l o w  surface. 
t o  avoid confusion with phases based on t ex ture  of other p a r t s  of tbe s o i l .  

The term "surface" is added t o  such names 

For s o i l s  having an organic surface l a y e r  conventions f o r  naming are s imi la r  
t o  those f o r  s o i l s  having a mineral surface layer:  "Rifle peat," "Carl is le  muck." 

The term "mucky" preceding a mineral tex ture  term s i g n i f i e s  t h a t  t h e  surface 
layer  contains so much organic matter t h a t  i t s  physical properties approach those 
of muck: 
mineral s o i l s  that have a surface horizon r i c h  i n  organic matter. 

Livingston mucky s i l t  loam. Such phases a r e  used cormponly f o r  w e t  

Some mineral s o i l s  have J t h i n  layer  a t  the surface t h a t  cont ras t s  sharply 
with the next layer.  
unlikely t o  be t i l l e d  and i f  c l e a r l y  s i g n i f i c a n t  to w e  o r  ~ n a g e m e n t .  
rangeland, €or example, t h e  tex ture  of the uppermost feu centimeters of s o i l  i s  
important. 
between success and f a i l u r e  of seeding8 on some s o i l s .  
layers  need t o  be recognized and t h e i r  areas  delineated. 
centimeters of recent volcanic ash on the surface o r  a thin cover of r i l t  or c lap  
is  an important d i s t inc t ion .  Generally, these phases a r e  named only by the broad 
tex tura l  groups: 
refined d is t inc t ions  are not  usually consis tent  over mappable areas. 

Such s o i l s  may be designated a s  separate phases i f  they a r e  
On 

A t h i n  layer  of sandy mater ia l  a t  the surface m8y mean t h e  difference 
For rome surveys, such 

Also, on some s o i l s  a few 

Alpha clay,  sandy rurface.  There layers  8re 80 thia t h a t  more 

Conceivably, o ther  kinds of phases based on texture  could be usefu l  in mapping, 
bu t  they should be used oaly i f  the indicated property h8s a major and l a s t i n g  
e f f e c t  on interpretat ions.  They a r e  not used t o  record a o o i l  property that is a 
normal feature of the kind of soil, ruch a8 .an 0 horizon on an undisturbed roi l .  

c 

Deposits on t h e  surface.--Some roils have received deposits of mater ia l  th ick  
enounh t o  influence i n t e m r e t a t i o a s  of the r o i l  but  not th ick  enounh t o  channe t h e  - 
c l a s k f i c a t i o n .  Depoaitional phartr  of the buried s o i l  may be recognized: 

Overblown: 
older  s o i l  can be i d e n t i f i e d  consis tent ly  throughout the area  and i s  
th ick  enough t o  Lnfluence uoe, management, or behavior. 

A recent deposit  of wind-blovn material  on t h e  sur face  of an 

Wind hummocky: Recent wind-laid deposit8 form 8 f i n e  p a t t e r n  of h m o c k s  
t h a t  markedly a l t e r  management requirements of the  r o i l .  
s o i l  is i d e n t i f i a b l e  throughout most of the area,  though it i s  covered i n  
spots.  

The o r i g i n a l  

Overvash: 
and i s  th ick  enough t o  influence management rcquirementr s ign i f icant ly .  
Ordinarily,  ovcrwash phases a r e  not used f o r  very yourig a l l u v i a l  s o i l s  
having weakly expressed genetic horizons. 

Bater ia l  deposited by water contrasts  with t h e  underlying soil 

I. 
I 11 
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Texture terms i n  map unit names describe the material  current ly  a t  the surface. 
Terms designating J deposit ional phase follow t h e  term f o r  tex ture  c lass:  
loalny sand, overblown, 2 t o  8 percent slopes. 

Alpha 

Phases may be recognized f o r  soils covered by a t h i n  Xayer of volcanic ash: 
Alpha loam, volcanic ash cover. 
d i s t inguish  the phase from another phase t h a t  l a c h  the ash cover. 

Such phases are generally used only i f  needed t o  

Rock fragments.--Rock fragments on the  surface and in the surface layer  are 
commonly used a8 phase dis t inct ions.  
and size i n  Chapter 4. 
phase l i m i t s  a r t  set  t o  mate the dis t inct ions t h a t  a r e  important f o r  the 8UIpep, 
vhether or  not the  phase l imi t s  correspond v i t h  standard c l a s s  limit.. 

Kinds of rock fragments are d e f h e d  by shape 
The classes  a re  helpful i n  describing . O i l  phases, but  

The discussion t h a t  fol lovs is applicable t o  a rab le  r o i l s .  For other  
uses--such as fores t ry ,  range, o r  recreation-the rites, rhapes; u ~ o u n t s ,  and 
mixtures of rock fragments have d i f fe ren t  significance.  For u q l e ,  gravel,  
cobbles, and stones influence fores t ry  much less than they do cu l t iva t ion ,  although 
they could a f f e c t  accesn and reforestation. 

The fol loving def in i t ions  f o r  phase8 of the  smaller rock f r a p e n t s  ACCO-dJte 
most of t h e  de ta i led  phase d is t inc t ions  t h a t  can ord inar i ly  be u d e  accurately by 
f i e l d  methods. The tern "gravelly" is used i n  the examples of -8 th8t fol lov,  
but  t h e  adject ives  f o r  each of the other kinds of rock fragments sma$)er than 
stones,  such AS cobbly o r  cbnnery, a r e  subs t i tu ted  as appropriate. - 
the  e f f e c t  of 20 percent f i n e  gravel on use of a rab le  s o i l ,  f o r  example, is qui te  
d i f f e r e n t  from t h e  e f f e c t  of 20 percent flagstones; therefore ,  the phase limits u y  
d i f f e r  f o r  la rger  fragments. 

S l i g h t l y  gravellp: 
s p e c i a l  usen t h a t  t o l e r a t e  few i f  any rock fragments, bu t  the pebbles do uot 
i n t e r f e r e  s i g n i f i c a n t l y  w i t h  t i l l a g e  of f i e l d  crops much as, cora. 
i m  usually less than U percent. 
f o r  s o i l 8  that a r e  used f o r  special  pUxposes, such as grwLDg turf. 

Gravcllp: 
of cornon f i e l d  crops, but most t i l l a g e  is performed i0 the 8- manner and 
vith the same equipment as on s o i l  f r e e  of fragments. 
nuisance. They cause some equipment breakage but feu mjor delays in f i e l d  
operations.  
on t h e  kind of operation. The volume of pebbles is u l u l l y  betveen-15 and 35 
percent but  MY be less i f  the fragments a r e  la rge  or more If they are n u l l .  

Very gravelly: 
se r ious ly  v i t h  t i l l a g e  of comon f i e l d  cropn, t o  damage equipment, .ad t o  
decrease the r a t e  of most f i e l d  OpetAtiOns. The q u l i t y  of t i l l a g e  opcrationr 
i s  affected.  
p rec is ion  of plant ing and of f e r t i l i z e r  p1.c-t is reduced, and young plants  
are frequently covered during t i l l a g e .  
betveen 35 and 60 percent. 

Extremely gravellp: 
of common f i e l d  crops is of ten impractical, though not  necessar i ly  impossible. 
T i l lage  implements must force t h e i r  way through J -08 of pebbles t h a t  have 
f i n e s  between them. The volume of pebbles is usually more than 60 percent. 

O f  course, 

The surface layer  contains enough pebbles t o  affect 

ThC volume 
A s l i g h t l y  gravel ly  phase can be recognized 

The surface layer  contalor enough pebbles to interfere w i t h  t i l l a g e  

The pebbles are A 

Their e f f e c t s  on qual i ty  of t i l l a g e  rre 8-11 or moderate, depending 

The surface layer contains enough pebbles t o  interfere 

The kinds of crops that  can be grown i r  r e s t r i c t e d ,  the 

The volume of pebbles Is u r u r l l y  

The surface layer  contains so many pebbles th8t t i l l a g e  

12 
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Thearock fragments i n  the surface layer  commonly span two o r  more s i t e  classes  
and m y  include fragments of more than one shape. The MW of t h e  kind of fragment 
t h a t  i s  judged most important i n  l imi t ing  the management of the  s o i l  is used i n  the 
phase designation. Usually, the  l a r g e s t  fragments tha t  a r e  present in s i g n i f i c a n t  
amounts a r e  most important. 
layer  t o  impose important r e s t r i c t i o n s  on s o i l  use, f o r  'example, is named "cobbly" 
even though the  s o i l  a l s o  contains as much or  more gravel. 
used. 
not used i n  phase names unless t h e  pebbles a r e  well sor ted i n t o  one of the narrowly 
defined s i z e  f ract ions.  
even though one s i te  may be dominant. 
within t h e  2-to-5-m s i t e  class .  
important enough f o r  some purposes t o  i d e n t i f y  in t h e  name. 

a 
A s o i l  having enough cobbles i n  o r  on t h e  surface 

Both terms are not 
Terms f o r  the  three  size c lasses  of gravel ( f ine,  medium, and coaroe) are 

The term "gravelly'* is co-nly used as a general  term 

The uniformly f i n e  size of the pebbles MY be 
Some s o i l s  do have pebbles almost e n t i r e l y  

Classes of stoniness and boulderiness (Chapter 4) a r e  a l s o  used t o  def ine  
The following phases of t h e  l a r g e r  rock fragments represent about the phases. 

maximum d e t a i l  t h a t  can be mapped consis tent ly  in most s o i l  surveys. 
subst i tuted f o r  "stony" as appropriate. 

"Bouldery" is  

-. R1.r 
Stony: 
nuisance durine operations t h a t  mix the rurface layer ,  but  they do not  make 

The areas  have enough s toner  at?.-- t o  be a continuing 

most operatioar 03 these Liinds impractical .  
move w i t h  reasonable freedom over the area. 
t h a t  mixes the  80il and vehicles that move on the surface.  
areas  have c lass  2 o r  3 stoniness.  
c l a s s  2 may be designated as % l i g h t l y  stony" and c l a s s  3 as "moderately 
stony. " 

Conventional vheeled vehic les  can 
Stones might damage equipment 

Usually these 
If necessary in a highly d e t a i l e d  survey, 

Very stony: 
operations which mix the surface layer  e i t h e r  require  heavy equipment o r  use 
of implements tha t  can operate between the l a r g e r  stones. 
conventional powered farm equipment is impractical. 
vehicles v i t h  high clearance can operate on carefu l ly  chosen routes  over and 
around t h e  stones. 

The areas have so many stones a t  o r  near the surface t h a t  

Ti l1age"vi th  
Wheeled t r a c t o r s  and 

Usually these areas have c l a s s  4 rtoninesr.  

Extremely stony: The areas  have so many stones a t  o r  near the sur face  that 
wheeled povered equipment, o ther  t h n  some r p e c i a l  types,  Can operate  only 
along selected routes. Tracked vehlcler  u y  be used in most places ,  though 
some routes have t o  be cleared. Usually these areas  have c l a s s  5 stonlness .  

RubblI: 
vehicles cannot be used in most places.  
s toninerr .  

The areas  have so 88ny 8tones a t  or near the surface t h a t  tracked 
UIWlly there areas  have c l a s s  6 

If w e d ,  the  t e rm f o r  stony and bouldery phases modify terms f o r  surface 

Gloucerter family, bouldery. 

texture  i n  the name of the phase: I f  a term f o r  surface 
texture  is not used, stony o r  bouldery phase derignations a r e  separated from the 
taxonomic xuae by a coma: If the s o i l  has stones,  
boulders, and smaller fragments, the name includes t h e  kind of rock fragment that 
is most important in l imi t ing  use o r  manag-ent of the r o i l .  
necessarily the kind t h a t  Is most abundant o r  the kind that is wed t o  modify 
texture c l a s s  of horizons in the p r o f i l e  dercr ipt ionn '  

Gloucerter stony loam. 

This is not  

Rockiness.--Where rock outcrops cover 10 percent o r  less of t h e  del ineat ions 
(classes 1, 2, and 3 of area of rock outcrop, Chapter 4) a "rocky" phase may be 
needed. Where the area is more than 10 percent Rock outcrop. t h e  map u n i t s  are 
named as complexes o r  associations of s o i l  and Rock outcrop,. 
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In recognizing phases, area is only one consideration. I f  only one phase i s  
needed, it is  designated "rocky": Alpha loam, rocky. If s i z e ,  spacing, and other 
features  of the  rock-soil re la t ionship a r e  s ign i f icant  t o  use o r  management of the 
map uni t ,  phases designated a t  "slightly.rocky," "rocky," and "very rocky" can be 
used. 

Slope.--The slope range of soate s o i l  taxa is narrow; in others  it i a  vide 
enough t o  include differences that  a re  important f o r  s o i l  use and management. 
Slope phases a r e  used t o  divide s o i l  series o r  other  tam a s  may be needed f o r  t h e  
purposes of the survey. 

Slope gradient ,  complexity, shape, length, and aspect a r e  a l l  po ten t ia l  bases 
Complexity is for  phase d is t inc t ions .  

also used i n  many surveys. 
delineations on t h e  map, and in many cases the s ignif icance t o  use and mnagement 
of slope length depends 00 t h e  kind of landscape in which the s o i l  occurs. Shape 
is seldom used a s  a phase d is t inc t ion ;  differences in shape a r e  commonly re la ted  t o  
differences i n  i n t e r n a l  propert ies  that dis t inguish -.a. 
m i n l y  i n  high la t i tudes .  I f  aspect i s  used as a p b s e  Cri ter ion,  i ts  rime fo l lovs  
any other  slope terms t h a t  may be used: 
north-facing slopes).  

f a r  the most cornonly used is  gradient. 
Slope length can of ten  be appraised directly-from 

Slope aspect is used 

25 t o  40 percent north slopes (or  

Phases defined on t h e  b a s i s  of T-. They should be 
so d i s t i n c t  that they can be ident i f ied  an mapped consis tent ly .  
add complexity t o  the map without inproving its usefulness. 
they should separate  areas  that have s igni f icant  differences in s u i t a b i l i t y  o r  
management needs. 

They should not  
And most importantly, 

- 
A uniform system of s lope classes  should not  be used lndiscr imiar te ly  as the  

basis  f o r  d i f f e r e n t i a t i n g  phares. 
may be needed f o r  s o i l s  t h a t  can be used intensively.  For o ther  s o i l s  having 
addi t ional  l i m i t r t i o n ~ ,  such as stoniness,  such narrOv ranges may be useless.  
spec i f ic  l i m i t s  between phase8 u y  be one oat  of values for one kind of soil  and 
another 8et f o r  another kind of s o i l .  

Slope phases t h a t  have narrow ranges i n  gradient  

The 

I n  each sulr9ey, the limits of slope phases are based on data or experience 
indicat ing t h a t  this set of limits maker the most useful  d i s t inc t ions  f o r  each kind 
of s o i l .  
two or more phases of another series. 
seme as phase d is t inc t ions  f o r  a11 s o i l s  is impractical  because of the varied 
relat ionship of slope t o  mappable hndSC8pe8 and the mny and varied relat ionships  
of slope t o  the  use and ~anagement of d i f f e r e n t  kinds of s o i l s .  

Range In t h e  slope of a phase of one series may encompass the ranges of 
A s ingle  set  of slope classes  that vould 

Table 4-1 (Chapter 4) defines  slope c lasses  i n  temm of f l e x i b l e  limits f o r  
both simple and e o ~ p l u  slopes. 
ident i fy  most d i s t inc t ions  of slope that u p  be needed. 

vi thout  designations of complexity, or  by descr ipt ive e m s .  
uni t s  f o r  taxa above the series a r t  generally given In descr ipt ive terms. 

The f l e x i b l e  limits permit use of teras t o  

Slope phases can be named either by numerical slope gradient limits, u l t h  o r  
Slope teras f o r  u p  

The vord 

loam, th ick  solum, 8 t o  16 percent slopes; Beta s o i l s ,  ro l l ing ;  Gamms family, 
h i l l y .  

1L 
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Depth.--Soil depth phases a r e  used where var ia t ions in depth t o  a cont ras t ing .  
laper a r e  s ign i f icant  t o  s o i l  use, management, o r  behavior. Terms f o r  depth c lasses  
i n  Chapter 4 a r e  generally used i n  naming phases, but modifications a r e  needed in 
some areas. 
may be too broad t o  cratisfy the objectives of some surveys. 
divided, with perhaps one c l a s s  ranging i n  depth from 50 t o  75 cm and the  o ther  
from 75 t o  100 cm, i f  the  more narrowly defined phaser occur i n  a cons is ten t  
pa t te rn  within the rucpey area and can be mapped. 
more acreage is not given a depth designation. If that  i n  the deeper phase, 
"moderately shallow" i s  used t o  designate the phase t h a t  h.8 a depth range of SO t o  
75 QP. 

designate the 75-to-100-cm phare. 

a 
For instance,  t h e  c lass  "moderately deep," ranging from 50 t o  100 cm, 

This range can be 

Generally the phase t h a t  covers 

If t h e  shallower phase is more extensive, "moderately deep" is used t o  

In r o w  surveys, using the. standard c lass  terms may be mitleading. For example, 
i f  a series that is normally more than 150 cm deep t o  bedrock has a phase tha t  is 
100 t o  150 cm deep, ca l l ing  the less extensive phase "deep" could be construed t o  
mean that the phase l a  deeper than normal. 
'opecified in the  phase name--Alpha loam, 100 to  150 m deep-or rubstratum phase 
terminology can be ured instead. 

I n  such cases, depth limits can be 

Substratum.--Mere underlying mater ia l  contrasts  r h ~ r p l y  with the  material  
above and in te rpre ta t ions  a r e  affected,  rubrtratum phases a r e  ured. 
contrasting m t e r i a l  is indicated i n  the name of t h e  map unit. 
follow have been used t o  ident i fy  rubrtratum p h s e s :  calcareous rubstratum, 
chalk substratum, tlry substratrtm, gravelly rubstratum, g y p i f e r o u s  rubstratum, 
lacustr ine substratum, marly Substratum, randy substrat'um, r i l t y  substratum, 
shale rubstratum, till substratum. 
exclusive. 
the name of t h e  u x o n  and any designation f o r  rurface texture  and precede8 any term 
f o r  rlopc o r  eror ion i n  the phase name: Plano s i l t  loam, gravelly substratum, 6 t o  
20 percent rloper.  ' 

ident i fy  A pap unit, a depth phare i n  generally used i f  the contrast ing layer  i s  
bedrock. 

The kind of 
The terms that 

These terms a r e  dercr ipt ive,  not  mutually 
Other terms can be u8ed an appropriate. The ident i fying term fo l lovs  

0 

Where there  i n  a choice between using a depth p b r e  o r  a rubrtratum phare t o  

Soil-water.--Phares a r e  ured t o  d ls t ingui rh  differences in ro i l -va te r  r t a t e ,  
va te r  t a b l e  leve l ,  drainage, and t h e  l i k e  vhere the a e r i e r '  range in one o r  more of 
there  propert ier  need t o  be divided f o r  purporcr of the rurvey. 
differences i n  there f a c t o r r  are comaonly re f lec ted  i n  difference8 in r o l l  
morphology and a r e  dirt ingulshed a t  the rerles level. 
evidence of wetnear, ruch an gray color  o r  mottling, doer not  f u l l y  r e f l e c t  the 
natural  drainage o r  wttnerr of the r o i l .  
the a e r i e r  leve l  with t h e  refinement needed f o r  the purporer of the runty.  

Signi f icant  

In ~ o m e  r o i l r ,  however, 

Such 8 0 i h  may not  be d i f f e r e n t i a t e d  a t  

Phase8 c m n l y  ured Include high v a t e r  t r b l e ,  ooderrtely deep water t a b l e ,  
oorly drained, r l i g h t l y  vet, moderately wet, u s ,  ponded, and drained. Some r o l l s  

gave propert ier  that r e f l e c t  former wctTLer8 but  have been drained a r t i f i c i a l l y ;  
"drained" p h r e n  can be used t o  rcparate  drained area8 from undrained. I n  o ther  
r o i l r  a water t a b l e  f luc tua tes  belov the depth where propert ier  a r e  c r i t e r i a  f o r  
defining a e r i e r ;  "vater table" phaser can be rued t o  ident i fy  ruch r o l l r .  

Salinity.--Saline phaser a re  used t o  dls5inguirh between degrees of s a l i n i t y  
t h a t  a re  important f o r  r o i l  use o r  management. 
obsemations of p lan t  grovth a r e  guides f o r  recognizing phaser. 

E l e c t r i c a l  conductivity values and 
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Designation of s a l i n i t y  phases depends on the  various uses l i k e l y  t o  be made 
of the r o i l r  and the e f f e c t  of excessive amouatr of r a l t  on thore user. 
areas  the cropr . o a t  l i k e l y  t o  be grown must be conridered. 
s a l i n i t y  t h a t  f luc tua tes  videly vith uwgement  practfcer  generally vauld not be a 

In faming  
Management induced 

b88is  for pha8e df8tfnCtfOn8. 

Vegetation, e rpec ia l ly  the Mtive cover, o f t e n  rhour tke loca t ion  of ..line 
r o i l r  and t h e i r  boundarier. 
features  as guides and correlat ing these f i e l d  obremationr  vith laboratory o r  
f i e l d  8n8lyle8 of r o i l  8.dlplt8, the 8urVeyOt C 8 n  Wlully drav bouodarie8 W i t h  
reasonable accuracy. However, plrntr  vary in t h e i r  tolerance of r a l t  by rpecier, 
var ie ty ,  and age, and perhrpr other  f 8 C t O r 8 .  SOOC plant8 are not good indicator8 
of s a l i n i t y  because they grow w e l l  whether r a l t r  are prerent  h ucerrive .110ut8 
or not. 

Uring veget8tion along v i t h  l.ndfoxm urd other 

Other problem8 mrt a180 be comidcred dcrigxbting 88l inf ty  ph88tr. 
Different kind8 of r a l t r  8nd combin8tioor of r a l t r  h8ve varied effect8 on moil 
behavior. 
Excessive rodiru may o r  ory not be a88OCfated w i t h  exeer8 r a l i P i t y .  

In u n y  r o i l r  r a l t r  a r t  t ranr i tory ;  in other8 they 8 n  pe-t. 

n e  following c~arrer  of r a l i n i t y ,   hi& a r e  a general guide to araing ph8e8,  
r e f e r  t o  t h e  prerence of r a l t r  anyvkere in the r o i l .  S a l i n i t y  clarrer are defined 
i n  Chapter 6. 

Terns for s a l i n e  pharer f o l l o v  t e ~  f o r  surface texture in phre  -8: 

Sodicitx.--For r o y  80111, recognizing a "rodic" p h r e  f8  WCfUl. me t e r m  

Alph  l o u ,  rodic, 0 t o  3 percent rlope8. 

Alpha r i l t  lo-, r t rongly  88llne. 

"rodic" i r  ured a8 a p h r e  d e r i g ~ t i o n ,  i f  needed, generally without t e r u  f o r  
degree8 of rodicity: 

Phyriograph~.--L.ndform o r  phyriouraphic pO8ffiOrP rUy bc used 88 8 ph88e 
c r i t e r i o n  t o  d is t ingui rh  pharer of a single  taxon. 
lacters th ick  oa 8 t e r race ,  for  example, ray be 80 much l i k e  8 r o i l  irr a r h i l a r  
deposit  on a till p l a i n  th8t the  two a r e  remberr of the rame rerie8. 
user, however, t h e  tvo  r o i l r  need t o  be distinguished on the u p .  
phase caa be used t o  ident i fy  t h e  leas  u t u u i v e  r o i l .  

A r o i l  Fa a w r i t  of loerr 3 

For 8- 
A phyriogrrphic 
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The following terms are  examples t h a t  have been used t o  designate 
physiographic phases: 
terms are  usually used t o  ident i fy  phases t h a t  d i f f e r  i n  posi t ion from t h a t  typ ica l  

bench, depressional,  e, karst ,  r i d g e ,  and te r race .  The 

ravel ly  loam, fan, 0 t o  8 perc 

Erosion.--Significant differences i n  8 S O i l ' 8  po ten t ia l  f o r  use, its . 
management needs, o r  i t s  perfornrance may be brought about by accelerated erosion. 
Such differences a r e  a bas is  f o r  recognizing phases provided t h e  taxonomic u n i t  has 
not changed due t o  the accelerated erosion. Phase8 of eroded s o i l  a r e  i d e n t i f i e d  
on the basis  of the propert ies  of t h e  s o i l  t h a t  remains, although the w u n t ' o f  
s o i l  l o s t  i s  estimated and noted. 

Properties re la ted  t o  na tura l  erosion a r e  a p a r t  of the  d e f i n i t i o n  of a taxon, 
not bases for  erosion phases. 
and not itself a c r i t e r i o n  f o r  erosion phases. 

Erodib i l i ty ,  too,  is an inherent q u l i t y  of 8 s o i l  

Eroded phases a r e  defined so the boundaries on the s o i l  m8pr repara te  s o i l  

If a ten ta t ive  phase turns  out  t o  have nearly the same l i m i t a t i o n r ,  
areas of unlike s u i t a b i l i t i e r  and s o i l  area8 of unlike ororgement needa urd 
responses. 
management needs, and responses t o  management as another p h s e  of the s u e  . O i l ,  
the two are  combined. 
i n  the phase name: Alpha loam, 8 t o  15 percent sloper,  eroded 

The tern derignating the eroded s o i l  phase i s  the l a s t  term 

Guidelines f o r  naming phases of  s o i l  eroded by water a r e  as followa, Erosion 
classes a r e  defined i n  Chapter 4. 

Sl ight ly  eroded: 
s l i g h t  modification of management from t h a t  of the uneroded s o i l ;  
po ten t ia l  use and management remain generally the ram. 
eroded s o i l s  have c l a s s  1 erosion. S l igh t ly  eroded areas  a r e  not  
dist inguished from uneroded areas  in most surveys. 

Uoderately eroded: 
required management o r  the response t o  m8orgucnt d i f f e r 8  i n  u j o r  
respects from that of the uneroded s o i l .  S u i t a b i l i t i e s  f o r  u j o r  
uses--such as f i e l d  and h o r t i c u l t u r a l  cropr, p8sture,  fores t ry ,  aad e r j o r  
engineering wer--are the same. 
management and s u i t a b i l i t y  of t h e  eroded s o i l  Vith thore of the uaeroded 
s o i l .  In most moderately eroded roil8 ordinary t i l l a g e  implements reach 
through t h e  remaining A horizon, or v e l 1  below the depth of the o r i g i n a l  
plowed layer  i f  t h e  A horizon was o r i g i e r l l y  lesr than 20 Q th ick  (c lass  
2 erosion).  
o r ig ina l  A horizon and the underlying horizons. Host u p p e d  areas  of 
moderately eroded r o i l 8  have patcher in vhich the plow l a y e r  c o n s i r t r  
wholly of the o r i g i n a l  A horizon and others  in which it cons is t s  wholly 
of underlying hori tonr .  Shallov g u l l i e s  m y  be present. The word 
"moderately" is omit ted from t h e  name unless it is needed t o  
d i f f e r e n t i a t e  between this phase 8nd other  eroded phases of the same 
s o i l .  

Severely eroded: 
eroded r o i l  i r  ru i ted  only t o  urer r ign i f icant ly  1esr intensive than the 
uneroded s o i l ,  such as use f o r  pasture inr te rd  of crops, (2) the eroded 
s o i l  needs intensive management i m e d i a t e l y  or over a long per iod t o  be 

Erosion has changed t h e  r o i l  enough to requi re  only 

Host s l i g h t l y  

Erosion has changed the s o i l  t o  such an extent that 

The dis t inc t ion  is u d e  by comparing 

Generally the plow layer  consis ts  of a mixture of the 

Erosion ha$ changed the  r o i l  80 much that (1) the 
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s u i t a b l e  f o r  t h e  same uses as  the uneroded r o i l ,  (3) product ivi ty  i n  
reduced s igni f icant ly ,  or  (4) l imitat ions f o r  some major engineering 
in te rpre ta t ions  a r e  grea te r  than on the  uneroded r o i l .  
phate8 comonly have been eroded t o  the extent  t h a t  the plow l a y e r  
cons is t s  e s s e n t i a l l y  of material  from underlying horizon8 (c lass  3 
erosion),  though patcher in which the plow layer  i r  a mixture of  the 
o r i g i n a l  A horizon and underlying horizons may be present  within 
delineations.  

Severely eroded 

S h ~ l l o v  gul l ies ,  or J feu deep ones, are comon i n  rome 
placer . 

If a s o i l  has been so eroded t h a t  d i ignor t ic  r o i l  horizons b v e  been removed 
throughout most of the  area (c lass  4 erosion),  it i r  not  recognized JS on eroded 
phase of the taxon of the or ig ina l  r o i l .  
i d e n t i f i a b l e  except in i so la ted  8pOt8; the  current r o i l  is placed i n  a tJxonomic 
c l a r r  based on the  horizons and propert ies  t h a t  remain. 
J B  J phase of eroded s o i l  e i t h e r  of the nev taxon o r  of any taxon prerumed t o  
represent the  s o i l  before erosion. The r o i l  i r  c l a s s i f i e d  Jf the lowert l e v e l  b 
vhich it can be placed i n  the taxonomic rystem. 
eroded enough t o  change i t8  c l a r r i f i c a t i o n ,  .ray from a n o l l i r o l  t o  UI A l f i r o i ,  o r  
an Incept i ro l  even if erosion is only within the  r ~ n g e  of c l a s s  1, it is given the  
name of A new a x o n  and i s  not an eroded phase. 

The or ig ina l  r o i l  i r  no longer 
' 

The u a i t  i 8  not  der ignrted 

Similarly,  i f  a r o i l  has been 

A "gullied" phase can be recognized if a d i s t i n c t i o n  betveen gul l ied  areas and 
ungullied a rers  of the  same r o i l  is needed. 
having g u l l i e s  IO deep t h a t  intensive measurer, including reshaping, a r e  required 
t o  reclaim the s o i l .  

Gullied p h ~ r e r  a r e  used f o r  area8 
- 

Guidelines f o r  der igmt ing  p h ~ s e r  of r o i l  eroded by vind   re JS fol lovs.  
Erosion classes  are defined in Chapter 6. 

Eroded (blovn): Wind &r removed 80 much r o i l  that required management 
d i f f e r s  s i g n i f i c a n t l y  from that of the  uneroded r o i l ,  but  r u i t ~ b i l i t i e s  
f o r  Use remain t h e  8-e. The tern "moderately" f r  understood. 
moderately wind eroded s o i l 8  have c l a r r  1 r i n d  crorion. 

Mort 

Severely eroded (reverely blovn): 
h a  ahi f ted  it from Dlace t o  place tdthFn thc area t o  ruch .1) extent that 

Wind has removed 80 much m t e r i a l  o r  
_ ~ _  _ ~ _ _  
e i t h e r  the r u i t a b i l i i y  for rui ir di f fe ren t  f roa  that of the uneroded 

' r o i l  o r  the r o i l  of the area mrt be u t e n r i v e l y  reworked and management 
unlike t h a t  of the uaeroded r o i l  mwt  be used for the r o i l  t o  be s u i t a b l e  
f o r  the r m  user. 
vind ctorion. 

Boat reverely vind eroded r o i l 8  have c l a r r  2 or 3 

Wany areas  i d e n t i f i e d  a8 moderately rod reverely vind eroded are,  in fact, 
o ix turcr  of r m ~ l l  a reas  of uneroded r o i l  and r o i l  eroded t o  r a r i o w  degrees. 
amount of eror ion throughout a del ineat ion can be dcrcribed only In general  term. 

The 

I f  s o i l  ha8 been 80 eroded by r i n d  that genetic r o i l  hori tonr  have been 
removed throughout mort of the  area (clrrr 4 wind erorion) it i r  not  i d e n t i f i e d  as 
a phase of eroded roil ;  r a t h e r  it i r  c l a r s i f i e d  in Another taxon. 

. Thichess.--The solum and the variour horizon8 in r o i l  have c h a r a c t e r i r t i c  
ranges i n  thickness f o r  each taxon. 
of thickness of t h e  rolum or of t h e  upper horizon8 if mappable areas  of one 8UCh 
phase d i f f e r  consis tent ly  from areas  of the other  p b r e  and require  diffe-eat  
in te rpre ta t ions  f o r  the  purposes of the survey. 

Thickness phases a r t  used t o  divide t h e  range 

Phases a r e  not  used t o  
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di f fe ren t ia te  thickness of the subsoi l  o r  the  substratum. 
a re  used: 

Four thickness phases 

Thick surface: The thickness of t h e  A horizon or  of the A and E horizons 
combined is within the  th ickes t  half  of the  range for  the  taxon. 

Thin surface: The thickness of t h e  A horizon or  of the  A and E horizons 
combined is within t h e  th innes t  ha l f  of the  range f o r  the taxon. 

Thick solum: 
the range for  t h e  taxon. 

Thin solum: 
the range f o r  t h e  taxon. 

The thickness of t h e  solum is within the  th ickes t  half  of 

The thickness of t h e  solum is  within the thinnest  ha l f  of 

A term is used f o r  the less extensive of two thickness phases. For exapple, 
most delineations of a given s o i l  may hsve an A horizon t h a t  is mainly between 25 
and 35 up thick (though t h e  A horizon of some pedons i n  these del ineat ions i s  4G cm 
thick).  
same s o i l  and the  difference is  s i g n i f i c a n t  f o r  purposes of the sumey, a 
thick-surface phase can be recognized. 
dominantly 25 t o  35 cm th ick  is  t h e  norm; thickness of t h e  A horizon is described 
f o r  t h i s  phase but is not i d e n t i f i e d  in the w e .  

If the A horizon is mainly 35 t o  40 cm thick i n  other  delineations of t h e  

The phase i n  which the  A horizon is 

The thickness term follows any terms f o r  surface texture  and precedes any 
terms f o r  slope o r  erosion: Brownfield f i n e  sand, thick surface,  0 t o  3 percent 
slopes. 

Climate.--In some places ,  espec ia l ly  i n  mountainous or  h i l l y  areas ,  
precipi ta t ion or a i r  temperature can d i f f e r  grea t ly  within short  distances,  ye t  
these differences may not  be re f lec ted  in i n t e r n a l  properties of the s o i l .  A i r  
drainage can d i f f e r  enough from one loca t ion  t o  another t o  produce a difference i n  
the dates of the  l a s t  k i l l i n g  f r o s t  i n  the spring or  t h e  f i r s t  i n  the  f a l l ,  o r  one 
area may be f r o s t  f ree .  
purposes of the surpey and can be i d e n t i f i e d  and mapped consistently,  c l imat ic  
phases a re  used. 

Mere differencer  of t h i s  kind are s igni f icant  f o r  the 

Only two cl imat ic  conditionr a r e  recognized f o r  a given taxon: (1) the comon 
climate, the climate that influencer the grea tes t  extent of the taxon, from which 
the climate designation i s  omitted, and (2) A departure from the common climate, 
f o r  which a cl imat ic  designation fs'ured. The departure ray be i n  e i t h e r  of two 
direct ions from the norm: 
Each of the tews is connotative only in reference t o  the comnon c l i m ~ t e  of the 
taxon and must be described s p e c i f i c ~ l l y  for each phase t o  which it is applied. 
The appropriate term follows texture:  

w s  or &; high prec ip i ta t ion  o r  low prec ip i ta t ion .  

Alph8 sandy lo-, cool. 

In many places,  espec ia l ly  on pla ins ,  p rec ip i ta t ion  o r  temperature changes 
A s o i l  i n  a #ingle  survey area conmonly includes only gradually over distance. 

p a r t  of t h e  range f o r  t h e  series. 
p a r t  of the range is  within a s o i l  survey area.  Climatic phases are l o c a l  
dis t inct ions.  
between p a r t s  of a survey area.  

Climatic phases generally a r e  not used i f  only 

They a r e  used where t m p e r a t u r e  or precipi ta t ion d i f f e r s  markedly 

Other.--A great  v a r i e t y  of phase d i s t i n c t i o n s  can be made. In addi t ion t o  
those already described, others  may be needed t o  provide su i tab le  map uni t s ;  f o r  
example: frequently flooded, occasionally C1_ooded, burned, calcareous, 
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leached surface,  dark surface.  
s o i l s  t h a t  have l o s t  enough of t h e i r  organic mater ia l  by f i r e  t h a t  t h e i r  po ten t ia l  
f o r  use o r  t h e i r  management requirements have been a l t e r e d .  

"Burned," f o r  example, might be used f o r  organic 

The phases designated by special  t e r n  a r e  defined t o  f i t  spec ia l  kinds of 
s o i l s .  
of which they a r e  members. 
meanings vhen used f o r  d i f fe ren t  taxa and i n  d i f f e r e n t  survey areas.  

tliscellaneous Areas 

Such phases a r e  defined i n  reference t o  the  co-n propert ies  of t h e  taxon 
Thus, the  terms usually have d i f f e r e n t  s p e c i f i c  

Miscellaneous areas  have essent ia l ly  no r o i l  and support l i t t l e  o r  no 
vegetation, ui thout  m j o r  reclamation, because of a c t i v e  erosion, Washing by water, 
unfavorable s o i l  conditions, o r  man's a c t i v i t i e s .  
made productive but only a f t e r  major reclamation e f f o r t s .  
t o  accomnodate miscell8neous areas,  and most map unit8 named f o r  miscellaneous 
a reas  have inclusions of s o i l .  I f  the  amount of s o i l  exceeds t h e  standards f o r  
inclusions defined in this c b p t e r ,  the m8p u n i t  Is named as a complex o r  
associat ion of miscellaneous area and roil.. 

Some riscellaneou8 areas  can be 
Hap u n i t s  8re designed 

Following a n  dirclrsrionr of recognized kinds of mhCCllAnCOUS areas .  

Badland is moderately s teep t o  vcrp s teep barren land dissected by many inter-  
mi t ten t  drain8ge channels. 
conanon i n  semiarid and a r i d  regions vhere rtreaam cut i n t o  s o f t  geologic mater ia l .  
Local r e l i e f  generally ranges between 10 and 200 meters. Potent ia l  runoff is  very 
high, and erosion i s  act ive.  
vegetation of very l imited value f o r  grazing. 

The areas are  ord inar i ly  not stony. Badland is most 

Small inclusions of i d e n t i f i a b l e  r o i l s  m y  support 

Beaches are sandy, gravelly,  o r  cobbly shores washed and rewashed by waves. 
The areas  map be p a r t l y  covered w i t h  vrtcr during high t i d e s  o r  s t o m .  

Blown-out land consis ts  of areas  from which a l l  o r  most of the r o i l  m8ter ia l  
has been removed by extreme d a d  erosion. The 
a reas  a r e  general ly  shllow depression8 th8t b v e  f l a t  o r  i r r e g u l a r  f loors .  In 
some plsces t h e  f loor  i s  A layer  of material  that is more resistant t o  wind than 
t h e  removed mater ia l  o r  i s  a layer  of pebbles o r  cobbler; o r  the f l o o r  m y  have 
been formed by exposure of the water table.  wafer mort of the 
year a r e  mapped as Water. 
a reas  of blown-out land a r e  large enough t o  be delineated; 8-11 areas  can be shown 
by spot  SpbOl8. 

The land i8 e r a e n t i a l l y  barren. 

Areas covered 
Some areas have feu humocks o r  small dunes. Few 

Cinder land is coarpored of loore cinder8 and other 8coriaceow osgm8tic 
Water-holding capacity i8  very l o w ,  and t r 8 f f i c 8 b i l i t y  i r  poor. ejecta. 

Dumps a r e  arear  of rmoothed o r  uneven accumulations o r  piles of vas te  rock and 
Dump 8 ,  mine, coas is t r  of areas  of uaste rock from mines, quarr ies ,  general  refuse. 

and smelters. 
complex. 

Some durnpo W i t h  ClOSdy 8880Chted p i t s  a r e  mapped 88 -8 - P i t 8  

Dune land consis ts  of sand i n  ridges and interoening trough8 that s h i f t  v i t h  
Sand dunes t h a t  have been s tab i l ized  by veget8tfon a r e  named as J kind t h e  vind. 

of s o i l  r a t h e r  than JS Dune land. 
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Glaciers a re  large masses of i c e  formed, a t  l e a s t  i n  p a r t ,  on land by t h e  
compaction and r e c r y s t a l l i z a t i o n  of snov, moving slowly by creep down slope o r  
outward i n  a l l  di rect ions due t o  the  stress of its o m  weight, and surviving from 
year t o  year. A l i t t l e  ear thy mater ia l  may be on o r  i n  the ice. 

Gullied land consis ts  of areas  vhere erosion has cut a network of V-shaped o r  
U-shaped channels. 
by spot symbols. 
some places. 

generally very unstable and erodes eas i ly .  
hard gypsum are  mapped as Rock outcrop. 

of Holocene age, but  i n  a r i d  and very cold regions they may be older. Host f l o w s  
have sharp, jagsed surfaces,  crevices,  and angular blocks c h ~ r a c t e r i s t i c  of lava.  
Others a re  r e l a t i v e l y  smooth and have a ropy glazed surface. 
material nay be i n  a few cracks and skgltered pockets, but  the f lovs a r e  v i r t u a l l y  
devoid of p lan ts  other  than lichens. - 

The areas  resemble miniature badlands. Small  a reas  can be shovn 
Phases fndicat ing the kind of mater ia l  remaining may be usefu l  i n  

. 

Gypsum land consis ts  of exposures of nearly pure s o f t  gypsum. The sur face  is 
Areas of Traf f icabi l i ty  i s  verp poor. 

Leva flovs a r e  areas covered with lava. I n  most humid regions, t h e  f l o v s  a r e  

A l i t t l e  ear thy  

Oil-waste land consis ts  of areas  where l iqu id  o i l y  wastes, p r i n c i p a l l y  
saltwater and o i l ,  have accumulated. 
affected by t h e  l iqu id  wastes. 
reclaimed a t  high cost .  

It includes s lush p i t s  and adjacent a r e a s  
The lAnd i s  barren, although some of i t  can be 

Pits a r e  open excavations from vhich s o i l  and cormPonly underlying mater ia l  
Kinds include Pfts, have been removed, exposing either rock o r  other material .  

mine; P i t s ,  gravel;  and m, p u a r q .  P i t s  a re  comonly closely associated with , 
Dumps - 

Playas a r e  barren f l a t s  in closed basins a r i d  regions. Hany areas  are 
subject t o  wind erosion and many a r e  sa l ine ,  sodic, o r  both. 
be near the surface a t  times. 

The water t a b l e  may 

Quarr ies  (see Pits) 
Rivervash i s  unstabi l ized sandy, s i l ty ,  clayey, o r  gravel ly  sediment that is 

flooded and washed and reworked frequently by r ivers .  

Rock outcrop cons is t s  of exposures of bare bedrock other than lava flows and 
rock-lined p i t s .  
Rock outcrop, chalk; Rock outcrop, limestone; Rock outcrop, msua. 
outcrops a r e  too small t o  be delineated as areas  on s o i l  m8ps but can be shown by 
spot symbols. 
outcrops a r e  hard rock, but  some a r e  sof t .  

I f  needed, map units can be named according t o  the kind of rock: 
Many rock 

Some areas  a r t  large,  broken by only 8-11 spots  of s o i l .  Xost rock 

Rubble land cons is t s  of a reas  of stones and boulders. 
a t  the base of mountains but sow areas  a r e  deposits of cobbles, stonen, and 
boulders l e f t  on mountainsides by g lac ia t ion  o r  by p e r i g l a c i a l  processes. 

Rubble land is coomnlp 

S a l t  f l a t s  a re  undrained f l a t s  that have surface deposits of c r y s t a l l i n e  s a l t  
overlying s t r a t i f i e d  very 8trongly s a l i n e  cedbent .  These areas  a r e  closed basin6 
i n  a r id  regions. The v a t e r  t a b l e  ray be near the surface a t  times. 
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Scoria land cons i s t s  of areas  of s l a g l i k e  c l inke r s ,  burned shale ,  and 
fine-grained sandstone remaining a f t e r  coal beds burn out .  
be confused with volcanic s lag.)  

(Scoria land should not 

Sl ickens a r e  accumulations of fine-textured material, such a8 t h a t  separated 
i n  placer-mine and ore-mill operations. 
f r e sh ly  ground rock t h a t  commonly has undergone chemical treatment during the  
mi l l i ng  process. 

Slickens from o r e  m i l l s  consis t  l a rge ly  of 

Slickens a r e  usually confined i n  s p e c i a l l y  constructed basins.  

- Slickspots  a r e  areas  having a puddled o r  crusted,  very smooth, near ly  
impervious surface.  
ranges from extremely acid t o  very strongly a l k a l i n e  and from sand t o  clay. 

The underlying material  is dense aad massive. The material  

Urban land is land mostly covered by streets, parking l o t s ,  buildings,  and 
o the r  s t r u c t u r e s  of urban areas.  

Water I_ includes streams, lakes,  ponds, and estuaries that In moat years are 

P i t s ;  blowouts, and playao that contain 
covered with water a t  l e a s t  during the period warm enough f o r  p l an t s  t o  grow; many 
a reas  a r e  covered throughout the year. 
water most of the t i m e  a r e  mapped as  Water. 

Naming nap Units 

A l l  map units ' in  a s o i l  survey a r e  named. D i f f e ren t  conventions are uaed f o r  
each bf the  four kinds of map units so t h a t  the kind of u n i t  can be determined a t  a 
glance. 
generally no longer than necessary t o  d i s t ingu i sh  it from a l l  o the r s  i n  the survey. 
A t  times an ex t r a  term, not needed t o  d i s t ingu i sh  a phase from a l l  others in the 
survey, is  used so t h a t  comparable phases i n  o the r  a reas  have the same name. 

In  general ,  names a r e  as shor t  as p r a c t i c a l ;  the name of a map u n i t  is 

Although t h e  conventions for naming map units a r e  discussed throughout this 
chapter,  a complete summary is provided here f o r  convenience. 
t he  categorical  l e v e l  used f o r  i den t i f i ca t ion ,  but s o i l  taxonomic names a r e  never 
used alone. 

Consociations 

S o i l  names i nd ica t e  

The name of t he  reference taxon is given first, followed appropriate phase 
terms : 

I f  a s e r i e s  i s  the.referencc taxon and the consocintion is not 8-mixture 
of d i s s imi l a r  phases, the series name is followed by the dominant t e x t u r e  
(basic  t ex tu re  c l a s s )  of the surface l a y e r  i f  the surface lager  Is 
mineral o r  by an organic term i f  the surface l a y e r  in organic: 
loam; Omega muck. 
and the  t ex tu re  class:  

Alpha 
A texture  modifier Is placed between t h e  series name 

Alpha gravel ly  loam. 

If the consociation is mixture of d i s s i m i l a r  surface t ex tu re  phasea 
both t e x t u r a l  c l a s s  names separated by a hyphen follows the a e r i e s  name: 
Alpha sand-si l ty  clay. 

The term f o r  slope gradi 
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Alpha loam, 2 A term f o r  erosion, i f  used, is t he  l a s t  p a r t  of t he  name: 
t o  5 percent  s lopes,  eroded. 
simply a8 "eroded. " 

Other modifying term8 a r e  placed i m e d i a t e l y  a f t e r  t ex tu re  c l a s s :  
loamy sand, overblown; Alpha gravel ly  lo=, noderat t ly  deep, 2 t o  S 
percent slopes.  

Generally, moderately eroded s o i l  i s  designated 

Alpha* e l .  W4rm 

I f  the dominant component of a consociation i r  a taxadjunct, the nuoe of t h e  
s e r i e s  t o  which it is  adjunct  is used without qual i f icat ion.  If  the dominant 
component is J var i an t  t h e  word "Variant" follows the  name of t h e  most c l o s e l y  
related series, usual ly  a series in the survey area.  
s e r i e s  from outside t h e  area is  used only i f  a l l  t he  8 C t i C 8  i n  the rurvey area 
contrast  sharply with the va r i an t .  

The name of an es t ab l i shed  

A c l a s s  above the  series l e v e l  cag be the reference taxon. Except f o r  
famil ies ,  names of c l a s s e s  above the series l eve l  a r e  wri t ten as in 
and a r e  followed by one or more descr ipt ive terms: Udolls, shallow; Generally t h e  

Taxonomy 

shor ed m r t  
name 
above the s e r i e s  a r e  s i m i l a r  t o  those used f o r  ConsOciJtiOnS named f o r  series 
except f o r  t ex tu re  8nd slope. 
name of the  taxon with a corn and is given in general terns (randy, loany, clayey),  
and slope i s  generally given i n  descr ipt ive terms (level,  s teep,  e tc . ) :  
loamy surface; Uoll isols ,  h i l l y ;  Hapludolls, shallow, steep; L i t h i c  Hapludollr ,  
stony; Alpha family, undulating; Alpha family, r teep. 

Texture, i f  p a r t  of J name, i s  separated from t h e  . 

Xerol ls ,  

Miscellaneous a reas  t h a t  occur as consociations a r e  named in the  rrme manner 
a s  s o i l  taxa. 
Rock outcrop. 
miscellaneous area: 

Generally t h e  name of the miscellaneous area s tands alone: 
I f  J modifying term is  needed, i t  follows t h e  name of t h e  

&aches; 

Rock outcrop, basa l t ;  Rubble land, steep. 

Complexes and associat ions 

Names of two o r  t h ree ,  r a r e l y  four, taxa a r e  ured aa reference terms in naming 
complexes and associat ionr .  If a miscellaneous 
area is  J major component, i t a  name i s  ured as i f  it were the  name of J taxon. The 
second p a r t  of t he  name is general ly  the word "arsociation" or "complex," followed 
by one o r  more modifying terms i f  needed. 

The names &re joined by a hyphen. 

I f  t he  basic  t ex tu re  c l a r r  of t h e  rurface layer  of the u j o r  component8 o f  a 

Alpha-Be- randy 10-s. 
complex i s  the same, the texture  tern can be ured in the name in r t ead  of "complex" 
and is wr i t t en  i n  p l u r a l  form: If a modifier f o r  rock 
fragments or other  modifier of t e x t u r e  i r  needed it precedes the term f o r  b a r i c  
t ex tu re  class: 
e i t h e r  desc r ip t ive  terms o r  ranger i n  percent can be used in n.mes of complexes and 
associations.  

Alpha-Beta g rave l ly  randy lO&IDI. If d o p e  is needed in the nunc 

Examples: Alpha-Beta J S r O C i J t i O n ;  AlphJ-ktJ  JSSOCiJtion, r o l l i n g ;  
Alpha-Gama associat ion,  atony, ro l l i ng ;  Alpha-Beta complex; Alpha-Beta complex, 12 
t o  20 percent slopes;  Alpha-Gama complex, stony, 12 t o  20 percent s lopes;  
Alpha-Rock outcrop complex; Alpha-Badlands association; Hapludults-Inceptisols 
associat ion,  s teep.  



Other terns are arranged 86 

Undifferentiated group6 

NSH - Appendix 1 
in names for consociations. 

Chapter 5 

Names of two.or three taxa are used a8 reference tesms in naming 
undifferentiated groups. 
for basic texture class can be used instead of "soils" if the surface layer texture 
of the dominant components is the same. 
with "and." If three names are used, they are sep8rated vith commas, "and" being 
used between the last two names. Additional modifying terns are added as for 
associations. 

Generally they are followed by the word "soils." A tern 

If tu0 olws are Used, they are connected 

Examples: Alpha and Bet8 soils, steep; Alpha and C a m  l o w ,  extremely 
stony; Alpha, Beta, and G a m a  soils, stony, steep. 

, 
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Footnotes 

Y A polypedon c o n r i r t r  of contiguous s imi la r  pedonr and represents **a 
ro i l . "  I t  is bounded on a l l  s ides  by "not-soil" o r  by pedonr o r  unlike c h r a c t e r .  
The limits of J polypedon a r e  8180 the conceptual lipitr between r o l l  rericr but  J 

series normally has a wider  range In i t r  c h ~ r a c t e r l s t l c r  than a s ingle  polVpcdon. 

2' Some r o i l  conroci8tion8 u y  be le88 than one-blf  the named r o l l  If mort of 
the reminder  of the map u n i t  c o n r i r t r  of two o r  more r o l l r  t h a t  are riailar t o  the 
named s o i l .  The u n i t  $8 named for  the dominant ro i l .  

2' Modifier8 such as "cindery" o r  **very cindery" u y  be used vhcre necerrarp. 

k' ~ a v a  f l o w  in very wet clisates t h a t  aupport nearly continuous p l a n t  
cover, even though the amount of f ine  e a r t h  i r  ~ 1 1 ,  a r e  c l a r s i f l e d  a8 r o l l  and 
not as Lava flovr.  Same s o i l s  of this kind have been In place f o r  lcrs  than 100 
years. 

2 5 .  
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Chapter 6 

The Happing Legend 

Preparing the mapping legend is the principal duty of the party leader after 
preliminary field studies have been completed. The purposes of the survey have 
been stated in the memorandum of understanding; the party leader, in Consultation 
with other specialists, determines what kinds of soil areas are significant for 
these purposes and can be consistently identified and mapped. 
the soils and the map uits and proposes names and symbols for them. 

He then describes 

The mapping legend is composed of two parts: (1) the descriptive legend, 
which contains description and classification of the IOilS, the identification 
legend, and the legend of conventional and special symbols and (2) mapping aids 
such as a genetic key, table of soil characteristics, and notes about individual 
soils or map units. The mapping legend contains the primary references and the 
principal guides for each survey party member when mapping roils. 
to serve the purposes of the 80il survey and is unique to each area. 

Preliminary studies are made b a sumey area to identify ret8 of roil 
properties that are repeated in characteristic landscapes and are mappable. 
all of the soil map unitr needed for the complete survey can be anticipated at the 
start. An initial mpping legend is prepared after preliminary investigations and 
test mapping. 
legend and mapping aids for those 80i18, map units, and other features that have 
been definitely identified a8 needed. 
legend depends on the scope of the initial studies, complexity of the area, and 
intensity of the survey. Hap units must be defined and described carefully. 
descriptions are the guideline8 for mapping soils and the rtrndardr against vhich 
possible additional map unit8 are evaluated as the surpey progrerrer. The mapping 
legend should be made available to each member of the party before mapping begins. 
It is revised as needed during the soil sumey. 

It ir designed 

Not 

The initial mapping legend should include only the descriptive 

The number of map unitr in the initial 

These 

As the rurpey progresser other material is added to the mapping legend, making 
a soil handbook for the rurpey area. The toil handbook contrim all of the infor- 
mation and other related fact8 about the gcncsir, morphology, c~arrification, and 
interpretation of the roil8 of the rurvey area. the time tupping 58 completed 
the soil handbook should contain all of the material needed for the published soil 
rurpey . 
Descriptive Legend 

The descriptive legend ir the basic document of a roil r w e y  and i r  composed 
of three partr: 
(2) identification legend, and (3) legend of conventional and special symbols. 

(1) description and classification of the 80il8, 

Description and classification of the soils 

survey area and descriptions of map units delineated on field sheets. 
descriptions form the primary reference document for identifying kind8 of soils and 
miscellaneous areas. 
classification, correlation, and interpretation. They also provide the information 
needed to recognize the map unitr in the su-vey area. 

The descriptive legend includes descriptions of the taxa as they occur in the 

These descriptions provide the information needed for proper 

These 

Descriptions of the taxa, 

6-1 
(43O-V-SSM, !Sap 1981) 



including the ranges i n  charac te r i s t ics  v i th in  the survey area,  assure t h a t  a l l  
members of t h e  f i e l d  par ty  c l a s s i fy  the s o i l s  consistently.  
concise, accurate, and complete s e t  of descriptions of the s o i l s  is one of the most 
d i f f i c u l t  and important jobs i n  conduct-ing a s o i l  survey. 

important when members of the survey par ty  change. 
shows s c i e n t i s t s  new t o  the  survey area how the s o i l s  have been c h s s i f i e d  and 
mapped. 
continuity i n  the sunwy operations. 

The party leader prepares the descriptions of the so i la  by organizing the  
information t h a t  has been gathered 8bOUf the  s o i l s  in the area. 
the descriptions, the par ty  leader my discover matters that need c l a r i f i ca t ion  or  
supporting f i e l d  data. 
improve knowledge of the so i l s .  

polypedons. 
pedons and polypedons plus the extent of the components in  each m8p uni t ,  the 
variat ions i n  properties and i n  erte 
another throughout the survey area,  
within each map uni t  and of map un i t  
from detai led descriptions of pedons and polypedons, b r i e f  notes about internal 
properties and surface features ,  and sununaries of transects. 

Creating 8 c lear ,  

An up-to-date record of what has been learned about the s o i l s  is especially 

If the party leader leaves, an up-to-date descriptive legend assures 

An adequate s e t  of descriptions 

While preparing 

Field s tudies  can then be planned t o  c l a r i fy  concepts and 

Guidelines f o r  describing s o i l s  i n  Chapter 4 emphasize individual pedona and 
The s o i l  descriptions i n  the mapping legend give the properties of 

- 
As the descriptions of the s o i l s  a r e  prepared, every . rp  unit description is ~ 

compared with the standard def in i t ion  of the s o i l  f o r  which it is named and with 
the descriptions of c losely re la ted  so i l s .  
consistent with the descriptions of the  s o i l s  i n  the map units rod a l so  with the 
standard def in i t ion  of s e r i e s  o r  other  taxa. 

The c lass i f ica t ion  of the so i l8  m u s t  be 

A t ab le  of c l a s s i f i ca t ion  is  included i n  the mapping legend and shows how 
s o i l s  i n  the survey area fit in the national system of s o i l  c lass i f icat ion.  
s o i l  s e r i e s  a re  used i n  naming map uni t s ,  the retics can be l i r t e d  81phabetically 
followed by the c lass i f ica t ion ,  o r  they can be arrurged under the appropriate 
families, subgroups, ctc. 

Mere 

- 

The nature, kind, posit ion,  and mount of inclusions a re  a l so  described f o r  

cc 

‘0 

The descriptions of the r o i l s  a r e  references f o r  the ongoing soil survey. The 
properties of a r o i l  copmonly vary from one p a r t  of 8 survey t o  another,’and the 
central  concept fo r  a s o i l  may be changed as a r e s u l t  of increased experience i n  
the area. 
concepts a re  not kept. 

These changea may be overlooked i f  writ ten records of the or ig ina l  

The soil descr ipt ions are continually revised and updated a s  mapping 
progresses. 
and a few uni t s  a re  found t o  be of l imited extent and discontinued. 

During mapping new map un i t s  and taxonomic units 8re comnonly added 

As mapping progresses, kinds of s o i l  a r e  of ten discovered that do not f i t  any 
map uni ts  i n  the legend. I f  the kind of r o i l  is extensive and uniquely d i f fe ren t  
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from the s o i l s  i n  other map uni ts ,  it is added t o  the legend a f t e r  it has been 
defined by a party member and approved by supervisory s o i l  s c i e n t i s t s  of the  
cooperating agencies. 
redefining exis t ing map uni ts ,  and others can be accomPIodated as inclusions. 
approved map uni ts  must be l i s t e d  i n  the legend promptly and so defined that a l l  
members of the party w i l l  use them correctly.  

Some new kinds of s o i l  can be accomodated bes t  by 
New 

Some s o i l s  a r e  so limited i n  extent t h a t  they should be included in other map 
uni ts .  
i n  one map unit. 
delineated separately must be mapped a s  complexes o r  as associat ions depending 00 
the d e t a i l  of the survey. 
the superpisory s o i l  s c i en t i s t s  have reviewed the  proposed legend changes and found 
them acceptable. 
representatives and the par ty  leader resolve any differences they may have. 
complete record is  kept concerning changes in map units and the disposi t ion of any 
discontinued map unit. Any changes made between f i e l d  reviews a r e  recorded in the 
report of the next f i e l d  review. 

Two or  more s o i l s  t h a t  bave s imilar  use and management may be bes t  combined 
Soi ls  that a r e  so closely intermingled t h a t  they cannot be 

Deletions and other changes a r e  not  made formally u n t i l  

I f  proposed changes a r e  not  acceptable, the  agency 
A 

n . T h e  
s5il descriptions must be tes ted t o  ensure that  the map units a r e  recognizeband 
delineated consistently. 

Progressive mapping by the f i e l d  par ty  5s 8 continuing test of the legend, 
Preparing and using interpretat ions of the s o i l s  a l s o  tests the  u t i l i t y  of the 
legend. Inadequacies are evaluated, and any necessary changes are made in the 
legend. Changes a re  recorded on a l l  copies of the legend, and each scientist must 
c lear ly  understand the new concepts. 

Field notes a re  s"mpprized per iodical ly  and the 8rPPMry is recorded in the 
revisions of the s o i l  de8criptive legend., I f  observations a r e  not sumarized and 
recorded promptly, they may be l o r t  o r  not  used by other members of the survey 
party. 

Field reviews, other than the f i n a l  review, a h 0  t e s t  the legend and its use in 
mapping t o  determine whether sumey objective8 and requirements are being met 
(Chapter 10). Such rev iew usually involve rupervirorp r o i l  rcientists. 

The fin81 test of a descr ipt ive legend comer during the foxma1 rteps in r o i l  
correlation. 
before mapping starts to  the f i n a l  correlation. 
correlated as soon as it has been accurately described and mapped. 
needed i n  f i n a l  correlation i f  the  descriptions are adequately te8ted and revircd 
a s  the  survey progresrcs. 

Correlation ir a Continuing procerr from the i n i t i a l  descriptions 
A map unit can be t en ta t ive ly  

Pew changer a r e  

The qual i ty  of the s o i l  survey is deterrined in l a rge  p a r t  by the qual i ty  of 
I t  is iapossible t o  overempharize the  importance of these the s o i l  descriptions. 

descriptions. 
uniform, and accurate mapping. 
needed fo r  complete and accurate interpretat ion.  
descriptions,  supervisory s o i l  s c i e n t i s t s  can give maximum help t o  the  survey 
party. 
of the f i e ld  party. 

Above a l l ,  a good ret of descriptions i n  needed f o r  consistent,  
The descriptions a l so  provide the bas ic  infoxmation 

Working from the s o i l  

The descriptions and t h e i r  revisions provide the  bas i s  f o r  many conferences 
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Soil surveys of lesser detail, made with more widely spaced field. 
. observations, resemble the preliminary sumeys made to prepare the initial set of 
soil descriptions for detailed mapping. 
descriptions are modified 88 .ore i8 learned about the soils. 
only after they have been defined and approved by the  representatives of the 
cooperating agencies. 

For these surveys also, map unit 
Hap units are added 

The map symbols serve prinrrrify to identify crrp units Orriquely; m y  
connotationr of soil propertier are incidental. 
identification 8nd dtvire Co!mOf.tiVe rymbolr U8~8llp lead8 t o  a legend that fails 

Effort8 t o  80 beyond 

Identification legend 

A symbol is placed in each delineation on the map to identify it. 

In some legend8 the names of the map units are listed 

The 
identification legend io 8 list of these symbols and the names of the map units 
they represent. 
alphabetically, followed by their rpbols. 
scientists as they map. 
by their names. 
lists are prepared. 
map units are added to the legend, associating a s p b o l  on the map with the map 
unit it represents can be difficult. 

Thir list of names is used by soil 
In other legend8 the OynrbOllB are listed in order, followed 

This list i r  used by everyone who reads the amps. Usually both 
If the rymbolr are not listed in order, 88 is common vhen new 

Using the- same or rimilar tymbolr during the mapping procesr and on published 
maps accelerates map compilation bec8ure conrpilerr 8re not required t o  rpend much 
time converting one set of rymbolr to another. Such 8ymbOlS 
have the greatest 8dVankge in arear vhere toils ate well known. Mere roil8 are 
not well known at the start of the rurvey,.changer during mapping and correlation 
map reduce the advantager. 

Error8 are reduced. 
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Following are parts of two identification legends. 

Hap symbol Hap unit name! 

AdA 
Ax 
Ba 
Bn 
Bo 
BrB 
BrC 
BrE 
Ca 
CbA 
CbB 
cbc2 
CdB 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 

Allendale loamy fine sand, 0 to 3 percent slopes 
Angelica silt loam 
Bach silt loam 
Bonduel loam 
Bo ros ap r is ts 
Boyer loamy sand, 1 to 6 percent slopes 
Boyer loamy sand, 6 to 12 percent slopes 
Boyer lomy sand, 20 to 35 percent slopes 
Carbondale muck 
Casco sandy loam, 0 to 2 percent slopes 
Casco sandy loam, 2 to 6 percent slopes 
Casco sandy loam, 6 to 12 percent slopes, eroded 
Casco-Rodman complex, 2 to 6 percent slopes 

Almota silt loam, 7 to 25 percent slopes 
Almota silt lpam, 25 to 65 percent slopes 
Alpowa cobbly silt loam, 30 to 65 percent slopes 
Anders silt loam, 3 to 15 percent slopes 
Anders-Kuhl complex, 3 to 15 percent slopes 
Asotin silt loam, 7 to 25 percent slopes 
Asotin silt loam, 25 to 65 percent slopes 
Athena silt loam, 3 to 7 percent slopes 
Athena silt loam, 7 to 25 percent slopes 
Athena silt loam, 7 to 25 percent slopes, eroded 
Athena silt loam, 25 to 40 percent slopes 
Athena silt loam, 25 to 40 percent slopes, eroded 
Athena silt loam, 40 to 55 percent slopes 
Bakeoven-Tucannon complex, 0 to 30 percent 

? 

Conventional and special symbols legend 

Conventional symbols on soil maps rhow many natural and cultural features 

o m  

other than map units and their boundaries. They help users locate delineations. 
Special 8y1~bOlS identify some areas of soils or miscellaneous areas that are too 
small to be delineated at the scale of mapping. 

' Definitions of special symbols specify the 

The various mapping agencies of the United States Government have agreed on 
standard symbols for most cultural and natural ground features that are commonly 
identified on naps. 
Some soil maps show special features that are not included in the standard list. 
The symbols for these must be compatible with symbols used by other mapping 
agencies. 
8pbOl used for different features. 
functional and readily identifiable on the map. 

Host of the symbols used on soil maps follow there rtandards. 

Different symbols are not used for the same feature, nor is the same 
Conventional and special map symbols must be 

Conventional signs and symbols used in soil mapping are shown ,on plate 6-1. 
Some of these are described in the paragraphs that follow. 
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Cultural features 

Boundaries of cu l tura l  features are  shown on r o i l  maps by standard 
conventional symbols. These include the boundarier of nations,  s t a t e s ,  counties or 
parishes, minor c i v i l  divis ions,  reseroationa (including Federal o r  S t a t e  parks and 
forests) ,  land grants,  parks, and cemeteries. 

U.S. Geological Survey (USGS) maps are the primary source of cu l tu ra l  
boundaries. 
rources a r e  used. 
reservation superintendents a r e  authori ta t ive rourcer. Boundary monument8 are 
located i n  the f i e l d  and boundarier a r e  plotted durins r o i l  mpping only where 
boundary locat ion cannot be plot ted accurately from refercncer. 
ver i f ied  a s  a precaution against  errors .  

Where USGS amps are not available o r  must be supplemented, l oca l  
County o r  s t a t e  arsessor8, planning and zoning o f f i c i a l r ,  and 

Boundaries a r e  

Mere cu l tu ra l  boundaries of d i f fe ren t  c las rer  coincide, the symbol of the 
major 8ubdivision i s  used, f o r  example, where 8 r t a t e  bouodarp coincides with a 
county boundary the s t a t e  boundary has pr ior i ty .  
fdlOv8 a stream o r  road f o r  a shor t  dirtancc,  the bOUd8ry rymbol u y  be omitted. 
In some places, the road o r  8tre.m m y  be labeled f o r  c l a r i t y :  
boundary"; "State boundary is center l i n e  of 8tre.b." 

Where a boundary obviourly 

"Road i s  county 

Tovnship and range numberr a r e  shown along the u r g b r  of f i e l d  rheetr  f o r  a l l  
lands t h a t  have been sect ioei ted.  Section l i ne r  are not shown. 
a l l  rect ion corners a r e  shown; in otherr, only those that have been Ilocated a r e  

In the  publilrhed r o i l  survey, section numbers are pr inted in the 
approximate center of each rection. 
land gr id ,  though some old one8 may need correction, 
area should be f8mili.r With the loca l  land r w e y  878- and i t 8  intr icacie8.  

Cemeteries are outlined t o  scale  on f i e l d  sheet8 uring dashed lines. 

In some surveys 

. rhovn. 
Published topoiraphic quadrangle map8 rhow the 

Soil rcientirtr vorklng in an - 
The name 

is usually placed within the out l ine  of a large CemeterJr and outride a 88181ler one, 
although the smallest cemeteries a re  wu8 l ly  indicated by a cr088 and not named. A 
feature  ruch a8 a road or  rtre8m m y  seme a8 a boundary f o r  a cemetery. 

The ident i f ica t ion  of a i rpo r t s  and landing f i c l d r  i r  option81 on f i e l d  rheetr .  
bunda r i c r  of large municipal, comerCia1, and r i l i t a r p  a i rpor t8  and landing f i c l d r  
a re  rhown by the 8 p b O l  f o r  a rcrervation. Th'e runw8y pat te rn  f r  not delineated i f  
it i r  apparent on the a e r i a l  photograph. 
lini 'rymbol s imi la r  t o  that ured f o r  a cemetery, or the symbol for a ?located 
object" can be used and labeled, 
i t s  proper name o r  as "airf ie ld"  i f  the name i r  not brown. 

Small a i r f i e l d s  can be rhown by a d8rhed 
. 

Each a i r f i e l d  t h a t  i 8  ident i f ied  is labeled by 

Roads - are ident i f ied  on . O i l  rurvey f i e l d  sheet8 by 8 y n r b O l  or  mme. In tomu 
and c i t i e s  only major roadr a r e  ident i f ied.  
In t e r s t a t e ,  Federal, S ta te ,  and other roads, and route number8 are placed in  the 
emblema. 

Standard emblems a r e  used t o  d e r i g n ~ t e  

If roadr are shown, a rimple and explicit c l a8 r i f i ca t ion  i 8  ured. 

The mapping of t r a i l s  depend8 on t h e i r  import8nce f o r  proper u p  or ien ta t ion  
and the help they w i l l  provide in locating rpec i f ic  area8 on the mp. 
r e t t l ed  areas having f e w  readi ly  observable l a n h r k r ,  h p o r t a n t  t r a i l s  a r e  rhovn 
and named. 
generally a r e  not shown. 

I n  rparrely 

In more densely populated area8 where roads a r e  comon, t r a i l 8  
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Railroads are shown on field sheets by conventional symbols. They may be 
labeled as "railroad" or by the name of the line. 
urban areas and beyond city limits are shown by the standard railroad symbol and 
designated by operating name and,-type: 
tracks and switches and sidings alongside single tracks, only the main track is 

Electric trolley lines both in 

In large railroad yards with parallel spur 

8hOm. 

Pipelines are shown on soil maps if they might be important as landmarks. A 
pipeline crossing a remote section of 8 survey area may be important. 
pipeline i n  a populated area may be difficult to locate accurately and may have 
little value as a landmark. 

A similar 

If shown, a pipeline must be accurately located. 

Trunk power-transmission lines are noxmally not shown on field rheets unless 
thev have value as landmarks. They must be individually evaluated. Lateral 
disiribution systems are not shown: 
uoed, begins and terminates at towns, power rtations, and survey area boundaries. 

1 If 8 road or railroad is on the levee, 
the ticks extend from both sides of the road or railroad 8ymbOl. 

The symbol for power-transmission lines, if 

Levees are indicated by short ticks. 

Large permanent* are shown to 8C.k on field rheetr. 
to delineate the base of the dam. 
lines. 
road line on the upstream side is thickened to represent the dam. 
inked to its scaled length. 

* Permanent buildings such as rural dwellings, public buildings, and farm homes 
are rhown on most published soil maps but are optional. In rome areas, buildings 
are constructed so rapidly that the map is out of date before it can be publis*d. 
In ruch areas, omitting symbols for all buildings other than churches and schools 
is best. In most soil surveys churches 8 d  8ChOOl8 are shown on the published map 
and map be named. 

Thin lines are used 
Smaller dams are indicated by single heavy 

A road following the top of a dam ir shown in its correct place, and the 
A dam symbol is 

Important d a m  are named. 

Symbols for individual houses are comonly not rhown in urban areas. 
Prominent landmark buildings, such as large schools and large churches, may be 
rhown, but they are not drawn to scale. 
identified by the conventional symbols. 

School8 and churcher, if shown, are 

The cross or pennant of a church or school rymbol ir oriented a t  right angles 
to a nerrrby roadway. 
the 8ChOOl rymbol. 
mapped in rural areas, the notation 'fomitted in urban arear" is made on the legend 
of conventional symbols. 

A building used as both a rchool and 8 church ir marked by 
If churches or school8 are omitted from large urban areas but 

3 e n  pitr, mines, and quarrier smrller th8n the m i h m  area for delineation 
are shown only by conventional symbols. Larger areas art delineated, classified, 
and correlated 8; kinds of roil or miscellan~our areas. 

Producing oil and gas wells may be shown. M e r e  the number of wells is so -- 
large that the symbols are closely spaced on the map, the approximate outline of 
the-field may be- shown by dashed l i k s  and the del&ated area identified as "Oil 
field" or "Gas field" without the convention81 symbol. 
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Water features 

Streams and r ivers  a r e  shown on the f i e ld  sheets, and perennial and 
intermit tent  streams a r e  c l ea r ly  different ia ted.  
c lass i f ica t ion  must be complete. 
stereoscopic study of a e r i a l  photographs, the l i nes  must be confirmed and the 
drainage c l a s s i f i ed  i n  the f i e l d .  
long on the  f i e l d  sheets  a r e  shown. 
enough t o  be shown legibly;  they a re  shown by s ingle  l i n e s  i f  narrow. 

The pat tern of drainage and the 
. I f  t h e  main drainage courses a re  ident i f ied  by 

Host d i s t inc t  drainage courses more than 1 QD 

Drainage courses a r e  mapped t o  sca le  if wide 

A perennial  stream is one i n  which vater  flows constantly except during 
periods of unusual drought. 
especially i n  semiarid and a r i d  regions where the water in streams and waterholes 
i s  v i t a l l y  important. 

Happing large r ivers  t ha t  change course and width from time t o  time is 

That a stream is perennial must be ver i f ied ,  

d i f f i c u l t .  
with water f o r  so long that  l i t t l e  o r  no vegetation grows during low water and 
unvegetated riverwash p e r s i s t s  from year t o  year. 
water for  only shor t  periods a r e  excluded. .Areas t h a t  a r e  uncovered only during 
very low water stages a re  included. 

The shorelines shown on a s o i l  map generally mark the  areas covered 

Areas that are covered by flood 

The leve l  of r ive r  s tages  var ies  widely, depending on charac te r i s t ics  of the 
r iver  i n  re la t ion  t o  the climate of i ts  watershed and other  factors.  
flow of r ivers ,  though ac t ive  f o r  br ie f  periods, dwindles o r  ceases al together  f o r  
many months, t h e  normal stage is  very low. Thus rivers such as the Pla t t e  and much 
of the Rio Crande a re  normally braided, and the boundaries of the r ive r  are usually 
placed a t  the outer  l i m i t s  of the  area of braided channels. Unatabilized rcdiment 
t ha t  is  washed and rewashed and supports l i t t l e  o r  no vegetation but  p e r s i s t s  from 
p e a r t o  year may be ident i f ied  a s  rivemash. Areas within a flood p l a in  t h a t  can 
support vegetation a r e  shown 8s so i l .  

caverns and may flow f o r  long distances through subterranean ch8nnels. 
where the streams en ter  and emerge are located accurately, bu t  only the surface 
drainage i s  shown. 

Where the 

Some streams, especial ly  in area8 underlain by limestone, en te r  abruptly i n t o  
'She point8 

An in te rmi t ten t  stream 'is dry each year f o r  extended periods, usually f o r  more 
than three months. In a r i d  and semiarid regions especial ly ,  in te rmi t ten t  streams 
are distinguished from perennial  streams becaure they are not r e l i a b l e  80uces of 
water. 

Poorly defined watercourres are not rho-. Aggraded f la t s  a r e  va l ley  f loors  
without well-defined rtream channels o r  scarr.  They are shown as r o i l .  

Canals 4nd di tches ,  whether f o r  navigation, i r r iga t ion ,  o r  draihagt,  are 
plotted t o  sca le  if they are wide  enou@. 
single-line symbol. 
and important l a t e r a l s  of i r r i g a t i o n  8pStmDS a r e  usually shown. 
ditches a re  named on the  f i e l d  sheets i f  they have names. 
ditches must be distinguishable from roads. 

Othenise they are shown by the 
Arrovs indicate  the direct ion of flow. Both the main ditches 

h r g e  culals and 
On the map, canals and 

Lakes,  ponds, and resentoirs  a re  delineated t o  sca le  on f i e l d  sheets. The 
boundary marks the normal water leve l ,  which may not be the shoreline observed and 
recorded a t  the time of the  survey. Normal water leve l  may be marked by a l i n e  of 
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permanent land vegetation, but many lakes a re  bounded by wave-washed beaches above 
the normal water level.  
when the water level  is high. The shoreline t h a t  is evident on a e r i a l  photographs 
may be used t o  delineate the normal stage of 8 lake, pond, o r  reservoir.  
water'level other than wave-washed beaches can be ident i f ied ,  it is  shown on the  
map by the intermit tent  water symbol and i s  ident i f ied.  
water level  and normal water leve l  can be defined 88 a r o i l  map un i t  i f  the area is  
important. 
intermittent water cover is described i n  the map uu i t  description. 

h n y  reservoirs are  bounded by areas t h a t  a r e  submerged 

:/ 

@ 
If a high 

The area between high 

In these areas,  the  intermit tent  water symbol is not used; the 

Reservoirs surrounded by an impounding s t ruc ture  a r e  outlined. Some 
resemoirs  have flood pool l ines .  
shown on t he  map by a dashed l i ne ,  and given an appropriate label ,  ruch as 
"approximate flood pool line." 

These are  detexmined from avai lable  sources, 

The shoreline of an is land is  determined 8 t  the rame water s tage as the  
padjoining mainland rhoreline. Islands erpored 8 t  a lower otage a r e  not  shown. 

- Tidal shorelines present rpecial  problems. The mean high t i d e  level 
(determined excluding the remimonthly highest tider) can be used'where the land 
r i s e s  t o  elevations well above high t i d e  within a shor t  distance from the shore. 
Where broad marshes mark the  t ranr i t ion ' f rom rea t o  land, the rhorel ine is the  
outer boundary of the area t h a t  supports plants  a d  the r o i l  boundaries extend t o  
tha t  l ine.  

The shoreline of a body of water i 8  not broken f o r  wbrves, p ie r s ,  and s imi la r  
Seawalls and retaining walls that- a r e  s t ructurer  t ha t  may be b u i l t  over the  water. 

par t  of a shoreline a r e  shown as the rhoreline. * 
L 

Intermittent lakes a re  rhown on the  f i e l d  sheets 81 kinds of r o i l  o r  - 
miscellaneous areas. 
of the year. 

The dashed l i n e  rymbol shows the area covered by water p a r t  

Marshes - and swamps a r e  mapped as r o i l  unless they are too small t o  be 
delineated. 
symbol. 

I f  too amall ,  they a r e  shown by the conventional Mr8h o r  swamp 

Springs a r e  rhown on the s o i l  m8p i f  they are important in the area. I n  a r i d  
and semiarid regions, aprings of a11 kinds are shown. 
and dependable springr are shown. 

otherwise impotable water are so ident i f ied by notes on the map. 
are shown by c i r c l e s ,  l i k e  those f o r  W d l 8 .  
is shown bv a c i r c l e  where the stream r w b o l  rtarts. 

In humid regions, only la rge  
Some rpringa h8ve n8me8, which m y  be printed on 

Walled-in rprings 
athe s o i l  map. I n  a r i d  regions, intermit tent  rpringr o r  springs having salty o r  

A spring tbt is 80urce of a rtream 

Artesian wells ---- and wellr f o r  i r r iga t ion  a re  shown on r o i l  maps where they a r e  
important source8 of water, as in a r id  and semiarid regions. Artesian well8 a r e  
designated by a conventional symbol, whether o r  not they flow a t  the  surface. 
regions of few wells, a l l  a r e  shown; but in thickly r e t t l e d  area8 that  have many 
eonflowing ar tes ian  wells, they can be explained in the report  without being shown 
ctn t h e  map. 

somewhat poorly drained o r  wetter and a t  l e a s t  one drainage c l a s s  wetter than the 
r o i l  around it. 

I n  

A wet - rpot is an area of w e t  r o i l  too amall t o  delineate.  I t  is  u r u l l y  

Wet spot aymbolr a r e  not placed within qteas mapped as a wet s o i l .  
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Special symbols a re  used t o  ident i fy  small areas of various kinds of s o i l ,  
aiscellaneous areas ,  and special  s o i l  features.  
t ha t  a r e  too small t o  delineate but large enough t o  s ign i f icant ly  influence use and 
management. If a spec i f ic  kind of area is shown bfr special  symbols, a l l  such areas 
of t h a t  land are shown; the symbols a re  not t o  be used haphazardly. 
must be defined i n  terms of the kinds and size of areas  each symbd represents. 

These a r e  corpeonly used for  areas 

The symbols 

Special symbols show relief features t b e t  a r e  too small t o  show as r a p  units, 
such as bedrock escarpments, short  s teep rlopes, and gu l l i e s .  
o r  sinks,  such as those commn t o  limestone areas,  may be shown by the depression 
o r  sink symbol. Sam11 areas of rock outcrop i n  an area of otherwire deep . O i l  a r e  
obstacles t o  t i l l age .  
areas otherwise su i tab le  f o r  crops should be BhoM. Special  rymbols are a l so  used 
fo r  small areas of some kinds of s o i l  t h a t  contrast  sharply w i t h  surrouoding s o i l s  
in t h e i r  management needs o r  productivity even though they a r e  sui ted t o  the same 
uses. 
f i ne r  textured s o i l ,  and small areas of severely or moderately eroded s o i l  i n  areas 
of noneroded s o i l  a r e  examples. 

In  some places, the pat te rn  of mappable areas i 8  80 complex that s o i l  
boundaries with symbols leadered t o  the area they ident i fy  c l u t t e r  the map. 
Special symbols used with moderation reduce the  congertion of l i nes  and 8ymbOlS, 
but many special  rymbols i n  a small area also reduce l e g i b i l i t y .  
i n t r i c a t e l y  associated kinds of s o i l  m y  be better mapped as complexes. 

Natural depresssions 

-- Small areas of sa l ine  r o i l ,  verp stony s o i l ,  and the l i ke  i n  

Small areas of gravelly s o i l  i n  gravel-free areas ,  rand spots i n  areas of 

Lkny areas  of 

Happing Aids 

Happing aids  include those items i n  the mapping legend t h a t  a r e  not p a r t  of 
the  descr ipt ive legend but that help mappers ident i fy  r o i l s  in the f i e l d ,  
understand relationships among the r o i l 8  of the survey area, and remember 
d i f f e ren t i a t e  between ro i l s .  
s o i l  charac te r i s t ics ,  general r o i l  map, rclpotely rensed data,  display meps, 
photographs, diagrams, and notes. 

parent material ,  natural  d r a i ~ g e ,  Veget8tiOn. a n n u l  prcc ip i t J t ion ,  topographic 
posit ion,  landform, and aspect, 
should emphasize the  factor8 responsible f o r  important r o i l  charac te r i s t ics  and 
differences in charac te r i s t ics  within the survey ar ta .  

Examples of mapping a ids  a r e  a genet ic  kex, t ab le  of - - -  - 
A genetic hcy shows the relationship8 of the various t8.8 t o  factorr  8uch as 

A0 example is given b i l l u s t r a t i o n  6-1. The key 

A --- t ab l e  of r o i l  charac te r i r t ic r  highlights important propert ier  of the ro i l s .  
Both the genet ic  key and the t ab le  of Comparisons can be made eas i ly  and quickly. 

r o i l  charac te r i s t ic8  a r e  par t icu lar ly  helpful in or ien t ing  nevly assigned f i e l d  
personnel , 

The general soil map helps the f i e l d  par ty  in mapping and in organizing f i e l d  
work. The d r a f t  of the general s o i l  map prepared during preliminary f i e l d  s tudies  
is refined as more is  learned about the s o i l s .  
extent of the s o i l s  i n  each general area and t h e i r  s u i t a b i l i t i e s ,  l imitat ions,  and 
potent ia ls  a r e  described. 
temperature between areas  can 8 l S O  be shown on the  general s o i l  a p .  

The propert ies ,  d i s t r ibu t ion ,  and 

Signigicant differences in rail moisture o r  s o i l  

6-10 
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Reamtely sensed imagery is produced from both photographic and nonphotographic 
The use of more than one se t  of imagery f o r  reference is important. rens'ors. 

Several sets of photographa and other h g e r  are l i k e l y  t o  y i e ld  more clues about 
s o i l s  than one set. 
disadvantages i n  s o i l  mapping are  discussed i n  Chapter 3. 

The kinds of remote imagery and their advantages and 

Photographs of s o i l  p ro f i l e s  can be very effect ive i n  i l l u s t r a t i n g  some s o i l  
features.  
various landscapes. 
survey area a r e  a l so  helpful. 

Some notes are ured in 
revir ing the descr ipt ive legend, which becomes incorporated i n  the rsnurcr ip t  f o r  
the publication. They may record tona l  pa t te rns  on 
a e r i a l  photographs t h a t  are pecul iar  t o  a cer ta in  sap  uni t ,  o r  t h e  relat ionship 
between minor but key indicator  plants  o r  surface configurations t h a t  have l i t t l e  

: bearing on use o r  management but t h a t  help the u p p e r  locate  s ign i f i can t  s o i l  
. areas, o r  any other  information t h a t  can make mapping f a s t e r  o r  more accurate. 
:Notes and other  information needed i n  mapping but not intended f o r  publication can 
' be  kept on separate sheets a f t e r  each taxon o r  u p  un i t  dercr ip t ion  i n  the 

Photographs o r  diagrams of landscaper show the re lat ionships  of so i l s  t o  
Cross-sectional and three-dimensional diagrams of pa r t s  of the 

Notes - a r e  indispensable pa r t s  of the u p p i n g  legend. 

Other notes help i n  mapping. 

descriptive legend. 

So i l  Handbook 
I 

The mapping legend i r  the main document that govern8 f i e l d  operationr,  b u r  it 
' i r  only p a r t  of the  information compiled during a ruroey. 
t he  other information about the r o i l 8  i n  the survey are8 a re  organized i n t o  a - s o i l  
handbook. 
agronomistr, planners, and o t h t r r  who need informt ion  about the 8 0 i h  of the  area 
before the survey i r  completed. 

The mapping legend and 

The s o i l  handbook is used by the f i e l d  par ty  and by engineers, 

The handbook contains everything needed f o r  the publirhed r o i l  survey, plus 
material t ha t  is  important mainly t o  s o i l  r c i e n t i r t s  making the survey. A deta i led  
out l ine  fo r  the  t ex t  of the publirhed r o i l  survey rhould be decided on ear ly  i n  the 
suroey t o  guide development of the handbook. 

Included i n  a ro i l  handbook, i n  addition t o  the u p p i n g  legend, a r e  
interpretat ion8 and general rect ionr  covering such topic8 as climate, physiography, 
relief, drainage, geology, and vegetation, which r e l a t e  t o  the kinds of r o i l  i n  the 

\ area and which improve the  understanding of the properties,  d i r t r i bu t ion ,  use, and 
management of the r o i l r .  I n  some area8 rection8 on water 8Upply and perhaps other  
topics a r e  ureful .  

In addition, a record of the acreage of each u p  un i t  58 maintained. I n  rome 
rurveys acreage is recorded progresrively as the f i e l d  rhee t r  are completed. In 
other survey8 progresrive acreage records of each u p  un i t  a r e  kept only u n t i l  the  
uni t  i r  found t o  be extensive enough t o  keep in the legend, and the f i n a l  t a l l y  i s  
made a f t e r  the suroey has been completed. 

in to  d i f fe ren t  rect ionr  i n  the publication. 
c lass i f ica t ion  t ab le  could become pa r t  of the rectionr on how the  r o i l s  formed and 

Some items prepared f o r  the rapping legend o r  handbook u y  be incorporated 
For example, t he  genetic key and 

how they are  c lass i f ied .  
o r  i n  the  sect ion on the general 

Some of -&e diagrams could a130 be ured i n  t ha t  rect ion 
o i l  map. 

6-11 
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. 
In some surveys the mapping legend or r o i l  handbook follows the same format 

that  w i l l  be used i n  the published 60il surpep. 
date as  mapping progresses and in publication format is the b a s i s  for  writing the 
s o i l  survey manuscript a f t e r  mapping has been completed. 

A s o i l  handbook that  i s  kept up t o  

a 
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I l l u s t r a t i o n  6-l.--REUTIONSHIP!5 OF POSITION, PAReRT HATERIAL, AMD DRAXUGE of SOce 
SOILS OF ScHUYLER COUKII. IEV TORI 

Deep.. clayey, reddirh g l ac io l acu r t r ine  d c p o r i t r - - - - - - - - - - - - - - - - - - S c h o h a r i e - S e h o - - - - - - - - - - -  

h p ,  clayey. l r a y i r h  g1acio1acuatrine d l p o r i t a - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ - - - - - ~ i n e b e c k - - ~ & l ~ - - ~ ~ & ~ i n -  

k p .  8iltp. b r o m i r h  g l ac io l acu r t r ine  deporitr---------------------~rk---~ll~r-~-------~ -c.ornd.iw-cuund.iw 
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Chapter 7 

Field. Operations 

S o i l  mapping is  a technical a r t .  I t  requires sound t r a i n i n g  i n  s o i l  science and 
f a m i l i a r i t y  with the  pr inc ip les  of the ear th  sciences. 
perceptive obsenwr and understands the significance of landscape. 
i n  slope gradient o r  configuration, i n  landfom, and i n  vegetation can be important 
indicators  of s o i l  boundaries. 
landscape features  with sets of in te rna l  s o i l  p roper t ies  t o  be able  t o  v isua l ize  the 
pat te rn  of the  s o i l s .  
s o i l  p a t t e r n  and sketch t h i s  pat tern on a mp.  

A s k i l l e d  u p p e r  is  a 
Subtle differences 

The s o i l  s c i e n t i s t  must learn  t o  assoc ia te  s e t s  of 

A s k i l l e d  mapper is able  t o  a b s t r a c t  the e s s e n t i a l s  of the  

Above a l l ,  a good mapper s t r i v e s  f o r  rccuracy and is  t r u t h f u l  about the . r e l i a b i l i t y  of the maps. 
maintained throughout such a survey regardless of vegetat ive cover. 

The demanding standards f o r  de ta i led  s o i l  mapping must be 

Even when the map s c a l e  is adequate and the  legend is well  designed, the  
l e g i b i l i t y  and usefulness of the maps s t i l l  depends on the s k i l l  and judgment used i n  
applying t h e  legend. Some r o i l  boundaries a r e  more i r p o r t 8 n t  than others  and require  
grea te r  accuracy. As much time and e f f o r t  as necessary is spent t o  de l inea te  smll 
polypedons t h a t  cont ras t  with t h e i r  neighbors. 
boundaries between highly cont r r r t ing  s o i l s ,  such as 8 w e t  s o i l  and a dry s o i l  o r  a 
clayey s o i l  and a sandy soil ,  must be located as correc t ly  as possible.  

In mpping consociations,  f o r  example, 

The grea tes t  time and e f f o r t  is  spent t o  de l inea te  d iss imi la r  s o i l s  thrt are 
more l imi t ing  f o r  use than nearby s o i l s .  
s ign i f icant  amount, say  be spent t o  del ineate  s ~ l l  .re81 of s o i l s  t h a t  a r e  less 
l imit ing.  
extensive neighbors i f  the two kinds perform r i m i l a r l g  f o r  the purposes of the survey. 
Useless d e t a i l  is avoided. Special  EymbOlS.8re used t o  ind ica te  s i g n i f i c a n t  a reas  
too small t o  be delineated. 
of t h e  a r t  of separat ing the 18ndECape i n t o  meaningful units of s o i l  and recording 
them on a map. 

Less time and e f f o r t ,  but  still a 
? 
1 Small a reas  of some kinda of s o i l  a r e  de l ibera te ly  u p p e d  u i t h  t h e i r  more 

The s k i l l  and judgment required of the mpper  are p a r t  

e 
Using Aerial  Photographs 

Aerial  photograph8 are used 8s the u p p i n g  base i n  -at s o i l  survey areas  in the 
United S ta tes  today. 
p r a c t i c a l  mapping base f o r  f i e l d  use by s o i l  s c i e n t i s t s .  
photography and t h e i r  rdvantrges and diS8dVmt8geS for use in s o i l  mapping 8re 
discussed i n  Chapter 3. 
color,  in f ra red ,  modified infrared,  and color infrared.  
as t h a t  made from side-looking rrdrr a r e  also discussed. 

With few exceptions 8eri81 photographs a r e  by f a r  the most 
The u i n  kinds of a e r i a l  

The kinds of photography described are: p a n c h r o u t i c ,  
Other kinds of imagery such 

Light and dark tone on p a n c h r o u t i t  phototraphs 8nd color differences on color 

These records must be interpreted by r e l a t i n g  the v i s u a l  p a t t e r n  on the 
photogr ipb ,  f o r  example, a r e  records of l i g h t  re f lec ted  when the photographs were 
taken. 
photographs t o  s o i l  charac te r i s t ics  found by inspection’on the ground. 
a e r i a l  photographs of 8n area,  8 s o i l  s c i e n t i s t  h8ms m a y  r e h t i o n s h i p s  between the 
photographic images and s o i l  and hndSC8pe fea turer ,  bu t  crny uncer ta in t ies  inevi tably 
remain. 
a e r i a l  photographa as f u l l y  as possible. 

Using t h e  

Awareness of the fac tors  t h a t  a f f e c t  the i m g e  i s  required t o  i n t e r p r e t  the 

1 
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a t t r i b u t e s  of soi ls ,  and s o i l  boundaries from photographs a r e  cont inual ly  being 
refined. 
of clues used by photo i n t e r p r e t e r s .  
of s p e c i f i c  features .  Nevertheless, r e l i a b l e  predict ions of  m a y  features  in a 
p a r t i c u l a r  area require  experience i n  r e l a t i n g  t h e  h g e s  on t he  photograph. t o  what 
is a c t u a l l y  on t he  ground. 

The techniques used t o  p red ic t  s p e c i f i c  kinds of surface features ,  laadforms, 
. 

Published mater ia l  provides information about the techniques and the kinds 
Some publications provide helpful  i l l u s t r a t i o n s  

Such f ea tu res  a s  roads, r a i l roads ,  buildings,  laker, r i v e r r ,  f i e l d  boundaries, 
and maay kinds of vegetation caa be recognized oa aerial  photographr. 

Rel ief  can be perceived by stereoscopic study. Shadow8 and d i f f e reaces  i n  tone 

Relief f ea tu re s  help loca te  many s o i l  bound8rier on the map. 
between s lopes t h a t  faced the sun aad those that did not 8f the tinrc of photography 
a l s o  help show r e l i e f .  
Relief a l s o  i d e n t i f i e s  many kinds of l andfo rm,  which a r e  comwnly r e l a t ed  t o  kinds 
of s o i l .  

Uany landforms--such a s  t e r r aces ,  f lood p l a ins ,  sand d u e b ,  kames, eskers-can 
be i d e n t i f i e d  and del ineated r e l i a b l y  from t h e i r ' r h r p e s ,  r e l a t i v e  heightr ,  and slOpc8. 
Their r e l a t i o n  t o  streams and o the r  landforms provide addi t ional  clues. 
s c i e n t i s t  must understand geomorphology t o  take f u l l  advantrge of photographic h g e r y .  

Some landforms a r e  less e a s i l y  i d e n t i f i e d ,  bu t  mort &age8 contain clues  tha t  

The r o i l  

narrow t h e  choices of the kinds of laadformr represented. Experience i n  i n t e r p r e t i a g  
tone pa t t e rns ,  configuration of relief, and pa t t c rn r  of dr8in8geWyr comoaly permit8 
co r re l a t ion  of these pa t t e rns  with kind8 of geologic depori ts  and geomorphic f ea tu res  
i n  an area.  
predict ions usual ly  improver. 

As the survey progresses, experience increaser  and the r e l i a b i l i t y  of 

Differences in tone o r  color  may r e f l e c t  r o i l  difference.. Difference8 c8ured 
by man-imposed land use usual ly  can be recognized by the angular r h ~ p t r  and abrupt 
boundaries of t h e  areas .  
r e l a t ed  t o  s o i l  o r  differences i n  t h e  surface of bare s o i l .  
o r  color  may r e f l e c t  l o c a l  r o i l  pa t t e rns  within a reas  th8t Can be mapped in one day. 
Different  s o i l  associat ions have d i r t i n c t i v e  pa t t c rn r  th8t can be recognized on 
photographs. 
f o r  predict ing kinds of r o i l r .  
v e r i f i e d  i n  the  f i e l d .  

Other tonal  difference8 10.9 r e f l e c t  differences in vegetat ion 
Certain pat tern8 of tone 

These pa t t e rns  serve a8 barer  f o r  drawing t en t8 t ive  roil  boundrrSe8 and 
There predict ioa8 of r o i l r  and boundarier murt be 

Accurate s o i l  maps cannot be produced s o l e l y  by in t e rp re t a t ion  o f  a e r i a l  
photographs. 
and a t  d i f f e r e n t  timer i n  the 8- place. 
moisture a t a t e  when the  photograph vaa taken; bu t  the r o i l  wirture rt8te Ch.nte8 
with time. Clues t o  r o i l  boundaries th8t are evident on photographr taken a t  one 
time a r e  not necessar i ly  evident a t  another time. 
pa t t e rns  of vegetat ion and confounded t h e i r . r e l a t i o n r h i p r  t o  r o i l  p 8 t t e m r .  
c lues  must be co r re l a t ed  with r o i l  a t t r i b u t e 8  f o r  c8ch set of photographr, and 
predict ions of r o i l  p rope r t i e r  from ruch clues must be v e r i f i e d  17 the f i e ld .  
accuracy of amps improver a8 fieldwork 8nd experience bCre88e. - 

area is  scanned with a stereoscope for a gene r r l  impresrion of farming, relief, 
geology, landforms, kinds of s o i l 8  t o  be expected, r o l l  moisture r tater,  and 80 
fo r th .  

The clues  on the photographr imply d i f f e r e n t  thing8 in d i f f e r e a t  placer  
S b d e r  of gray co=on ly  r e f l e c t  r o i l  

Tht a c t i v i t i e r  of man &VC changed 
The 

"he 

Before an area is surveyed, m8king a c8re fu l  r tereorcopic  rtudy I8 helpful.  'Ihe 

Important f ea tu re s  t h a t  can be accu ra t e ly  iden t i f i ed  are sketched l i g h t l y  on 

2 

NSH Notice -59 5/7/80 

q 4  . .  - .  - . , . . - . . . . . . . 



I 

I 

I NSH - Appendix 1 
Chapter 7 

I 

the photograph. 
Images t h a t  help ident i fy  obscure features  can be marked. 
commonly used i n  preliminary s tudies .  

Some features  can be determined with more cer ta in ty  than others.  
The following steps are  ' a  ' 

1. 

2. 

Drainageways, streams, and ponds a r e  t e n t a t i v e l y  sketched. 

Roads, buildings,  and other  locat ion references a r e  ident i f ied .  

. 
. .  . 

'. 

. .  

, 

3. If s o i l s  have been mapped along the  match l i n e  with an adjacent photograph, 
the  s o i l  boundaries a re  t ransferred t o  t h e  outside edge of the match l i n e .  
Some s o i l  boundaries can be t e n t a t i v e l y  extended onto the unmapped sheet.  

Additional features  can be l i g h t l y  penciled i f  they can be ident i f ied  with 
confidence: boundaries of flood p l a i n s  and rtream te r races ,  boundaries of 
w e t  areas  and water, prominent landforms such as escarpments and a'reas of 
rock outcrop, gravel and borrow p i t s ,  r idge l i n e s ,  rock outcrops, sinkholes 
and wet spots. 

4. 

. -  
Routes of t raver re  can be planned during there preliminary r tudier .  Obstacles 

can be ident i f ied  and plans made t o  avoid them. 
ensure maximum 8cCUraCy w i t h  a Isinism of ualking per  u n i t  of area mapped. 

Enough f i e l d  checking is  planned t o  

As experience is  gained i n  an area,  Puny r o i l  boundaries and kinds of s o i l  can 
be ten ta t ive ly  predicted on the photographr. There prediction8 must be v e r i f i e d  in 
the f i e l d ,  but  preliminary in te rpre ta t ion  can increase both q r u n t i t y  and q u a l i t y  of 
mapping. During ruch preliminsty r t u d i e r ,  the l u p  should not  be c lu t te red  with 
conjectures. 

After fieldwork, mapped sheets  a r e  examined again w h i l e  the landscapes a r e  f resh 

Only features t h a t  can be predicted w i t h  confidence a r e  Mrked . .  

i n  t h e  mind and can be re lated t o  the r tereorcopic  h g e r .  
elapses,  d e t a i l s  m y  be forgotten. 
becomes more d i f f i c u l t ,  and a spec ia l  t r i p  t o  the f i e l d  may be needed. 
drainageways, slope breaks, and r o i l  bound8rier obrerved i n  t h e  f i e l d  may hrve been 
impossible t o  place accurately on the photograph because of dense v e g e t ~ t i o n  o r  other  
conditions that obscure the image on the  photograph. 
ten ta t ive ly  i n  the f i e l d ,  and their location8 a r e  l8ter checked by r tereorcopic  study 
and revised 88 necerrary. Thorough~r,tereoscopic rtudy of .rear that have been mapped 
commonly reveal8 placer where r o i l  bound8rier o r  rtream rynboln need t o  be refined t o  
conform t o  r e l i e f .  
s ing le  photographr but  evident under the rtereorcope. 
vere not closed during f i e l d  mapping, they can o f t e n  be clored with confidence on t h e  
b a s i s  of stereoscopic rtudy. 

In t h e  f i ,e ld  the  imager of features  ruch 88 roadr,  h o u e r ,  rtrelmr, f i e l d  
boundaries, individual trees o r  bushes, and the l i k e  a r t  w e d  t o  i d e n t i f y  locat ions 
on the ground w i t h  points  on the base u p .  The photograph tan be oriented so t h a t  
the r e l a t i v e  posi t ion of its imager correspond8 t o  the r e l 8 t l v e  por i t ion  of ground 
features  from the r u ~ e y o r ' r  vantage point.  The photographic imager of rurface 
fea tures  t h a t  mark r o i l  boundarier can be followed i n  8ketching the boundaries. 
Boundaries that a r e  not evident on the photograph can be rkctched i n  r e l a t i o n  t o  
i d e n t i f i a b l e  ground featurer .  

I f  conriderable t i m e  
Resolving question8 t h a t  the review may r a i s e  

Some 

I 

Such featurea a r e  sketched 

The t racer  of roadr in heavily forer ted  8rear  m y  be obscure on 
If 8- boundaries inadvertently 

In some areas  a stereoscope used the f i e l d  with r tereorcopic  p a i r s  of 
photographs is helpful.  
a vehicle  o r  on a dropleaf rhelf .  

A pocket stereoncope ( f igure  7-1) can be used on the  hood of 
It can be c a r r i e d  while walking. The stereoscope 
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and p a i r s  of photographs can be used t o  r e l a t e  the  landscape features  t o  the 
stereoscopic images. 
from the stereoscopic image. 
and t o  ver i fy  predict ions,  but  r tereoscopic study conanonly reduces t h e  number of 
borings needed t o  loca te  the boundaries of an area.  

napping Soi l s  i n  the  Field 

Kinds of s o i l s  and the locat ion of boundaries can be predicted 
Boring o r  digging is needed t o  ident i fy  s o i l s  posi t ively 

A s o i l  s c i e n t i s t  plans the day'r work a8 a series of t r i p s  across the area t o  be 
Proceeding along these routes,  the r o i l  s c i e n t i s t  predicts  boundaries and 

Final ly ,  boundarier and kinds of s o i l 8  a r e  p lo t ted  on the  

mapped. 
the kinds of s o i l s  within them. 
boundaries a r e  crossed. 
m p .  

These predict ions a r e  checked JS the  areas and 

Thus, fieldwork consis ts  of a requence of prediction8 and ver i f ica t ions .  

To the  extent  feas ib le ,  mapping i r  scheduled t o  proceed systematically across 
contiguous arean. 
provides points  of reference. 
before a re  predict ions t o  be ver i f ied.  
in te rpre t ing  the  landscape 8re already underrtood. 
contiguous areas  contributes grea t ly  t o  both e f f ic iency  and qua l i ty  of the  work. 

Ground t raverser  a r e  planned t o  c r o r r  a8 Uny r o i l  boundrrier a8 possible.  
area8 generally conform t o  the or ien ta t ion  of fea tures  of r e l i e f ,  which a r e  c o m n l y  
related t o  drainage courser. 
s o i l  area8 usu8lly can be CrO88ed by t r8vel ing a t  8n angle t o  the secondary o r  
t e r t i a r y  drainage courses. 
boundarier ident i f ied  and projected on one t raverse  Can be ident i f ied  and continued 
on the  next. 
v i s i b i l i t y ,  and amount of d e t a i l  required by t h e  rumey object iver .  
de ta i led  surveys, f o r  example, t raver rer  a r e  planned t o  pas8 v i t h i n  200 t o  400 meters 
of every point i n  the  area,  thereby permitt ing detect ion of small areas  of 
cootrar t ing r o i l s .  

Where a e r i a l  photographr are ured a8 t h e  Upping  b8re, 8 predetemfaed l i n e  of 
t raverse  need not be followed conr i r ten t ly  i f  there i re  r u f f i c i e n t  reference points  
f o r  accurate location. 
landscape features  t h a t  m y  be mark8 of r o i l  boundarier. 
place t o  place a t  rand- should be avoided. 
obstacles on the  route. 
than had been ant ic ipated,  the plan can be a d j w t e d  with l i t t l e  trouble. 

Vhen mapping $8 resumed each &y, the previour day'r fmpping 
The boundarier th8t were projected ten ta t ive ly  the day 

The r o i l  p a t t e r n  and the c l w r  f o r  
napping ryr tcmrt ical ly  across 

S o i l  

Con8equent1y, the mort r o i l  boundarier and the mort 

The t r a ~ e r s e r  a r e  8pJCtd c l o r e l p  enough t h J t  the 

Traverse spacing' depends on t h e  complexity of the .oil pat tern,  
In f a i r l y  

A t raverse  can deviate  from a planned route t o  cross  
However, wandering from 

Aerial  photograph. 8rrirt i n  avoiding 
I f  boundarier a r e  observed t o  run i n  a d i f f e r e n t  d i rec t ion  

' From any point  of ObSerpJtiOB, t h e  r o i l  8Cfcnt i r t  look8 along the projected 
route and predict8 the kind8 of r o i l s  on t h e  hndrcapc  ahead. 
gradient,  a change from convex t o  concave s lope configurr t ion,  8 change i n  the color  
of the  surface of a ploved f i e l d ,  the l u r g i n  of 8 rw8mp Or f o r e r t ,  the edge of 8 
rtony area,  8 Change i n  kind o r  vigor  of cropr--mny obrervable feature8 of thlr kind 
can be re la ted  t o  s o i l  boundarier. I f  por r ib le ,  there  f e r t u r e r  a r e  ident i f ied  on t h e  
a e r i a l  photograph. 
examination. 
traced on the  photograph i n  pencil .  
photograph a r e  sketched on t h e  map i n  rc l8 t ion  t o  i d e n t i f i a b l e  fe r turer .  
features  must be located and sketched by estimating locat ion i n  r e l a t i o n  t o  the point  

perhaps 100 t o  200 meters ahead and on e i t h e r  r i d e  of the point  of observation. 
Natural and c u l t u r a l  features ,  such a8 a r t r e ~  o r  drainagewry, t h a t  a r e  inmediately 
ahead a r e  a l so  sketched on the  a e r i a l  photograph. 

A break in d o p e  

Some m y  J l teJdy  have been marked during the r tereorcopic  
If s o i l  boundarier follow i d e n t i f i a b l e  fea tures ,  they a r e  l i g h t l y  

Boundarier t h a t  8re not  evident on the 
Host 

'o f  observation and other  known points .  Tentative r o i l  boundaries a r e  sketched f o r  
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Some r o i l  boundaries a re  sharply defined, as i l l u s t r a t e d  i n  f igure  7-2. Other8 
a r e  plot ted 88 l i n e s  midvay i n  tones of gradual t r a n s i t i o n  from one r o i l  t o  another, 
as i n  f igure  7-3. 
discre te  mappable s o i l  u n i t  o r  should be s p l i t  and its p a r t r  included v i t h  the  r o i l r  
on e i t h e r  s i d e .  
assigned J 8pbOl.  

A judgment i r  made about vhether a.broad t r a n s i t i o n  tone i r  a 

Every p a r t  of the  mapped area murt be enclored i n  a boundary and 

After predict ions a r e  made and sketched on the u p ,  the r o i l  r c i e n t i r t  Walk8 
The course $8 adjusted a8 necessary t o  invest igate  

As a predicted roi l  boundary is approached, 

across the  predicted boundaries. 
t r a n s i t i o n a l  zones and any unusual features.  Slope gradient  i r  estimated o r  measured 
with an Abney leve l  o r  a clinometer. 
especial ly  in a broad t r a n s i t i o n  zone, the r o i l  is examined t o  loca te  the  s i t n i f i c a n t  
changes i n  Boil propert ier .  

As a projected del ineat ion is  crossed, t h e  d i s t r i b u t i o n  of microdepresrions, 
microknolls, t i n y  areas  of d i f fe ren t  vegetation, convei i t ie r  and concavitier , and 
other features  too small t o  del ineate  are observed. 
where tbe r ic rofea turer  suggest t h a t  t h e  predicted dominant soil rhould be best 
expressed; and t h i r  port ion of the del ineat ion i r  i d e n t i f i e d  por i t ive ly .  
predict ion may be confimed, o r  a different kind of roil  u y  be found. 
microfeatures ruggert importrnt inClU8iOn8, addi t iona l  observations a r e  made t o  
ensure t h a t  the evaluation of the vhole del ineat ion is good. 
are not chosen a t  random i f  rearom exist f o r  dividing t h e  projected del ineat ion i n t o  
p a r t r  t h a t  a r e  the predicted r o i l r  and p a r t s  th8t a r e  not. 

- 

. The r o i l  i r  examined a t  a place 

The 
Where 

S i t e r  for examination 

The number of placer  a t  which o b s e r ~ a t i o n s  are made depends on the certainty’of 
the prediction8 and the  objectives of the surpey. 
Irndscape under examination have been va l id ,  u n y  t h e 8  before,  s o i l s  need be 
examined i n  only a fev places o r  not a t  a l l .  
consis tent ly  re la ted t o  kind8 of 80il8, many placer  Il)W be examined. 
the examinations depends on t h e  depth of d i f f e r e n t i a t i n g  c r i t e r i a  f o r  the u p  u n i t  
and on the  confidence i n  the  predict ions about the kind and u n i f o n i t y  of s o i l  
material  a t  depth. 
propert ier  t h a t  ident i fy  the s o i l .  
an e n t i r e  pedon studied. 

If predict ions about the kind of ’ 
I f  the landreape f e a t u r e s  have nodbeen @ .( The depth of 

The exrmirution itself is rapid and is mostly a rearch f o r  a f t v  
A 8 1 ~ 1 1  sample of a pedon is obrerved; 8 e l d m  is 

After a del ineat ion ha8 been ident i f ied  and crorred, the roi l  8cicntist turn8 
and looks back on the 18ndrC8pe from 8 DCW V8nf.Be point.  
on t h e  boundaries and symbols. 
photographic imager a r c  checked againr t  the hndrC8pe feature8 before  the fin81 
boundaries a r e  sketched. 

A f in81  judgment is u d e  
If orpping is doae on an ae?ial photograph the 

S o i l  boundaries i re  projected on e i t h e r  s i d e  of the t raverse  a8 far as they can 
be reen and ident i f ied  with re88OMbh cer ta inty.  The ends of t h e i r  project ion8 are 
checked from the  next traverse.  bay  boundaries can be seen throughout t h e i r  length. 
Other bouadarier can be predicted OD the a e r i a l  photographr v i t h  a h i &  dearee of 
cer ta inty.  In f o r e s t s ,  f o r  example, v i s i b i l i t y  u p  be 8 feu a n 8  o f  ~ t e r s  or less, 
but  where a rlopc break that m r k a  a soil  boundary can be reen under the stereorcope 
the boundary can be p lo t ted  much wre accurately by studying the photograph8 than by 
obrervation on t h e  sround. A roil boundary that is found a t  one p o i n t  t o  correrpond 
t o  a change i n  color  on the phototraph i r  c w a y  continued along the change on the 
photograph even though the boundary i tself  i s  not  v i s i b l e  on the ground during 
mapping. In deta i led  r o i l  mappin8 many boundaries betveen t raverser  a r e  dravn on tht 

‘ b88i8 Of V8rf8tiOn8 in the photographic 

i e. * 
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In Mpping, a pat tern of r o i l s  and landscapes is conceived, ra ther  than 8 group 
The number of 

The s o i l s  l ike ly  t o  be found i n  a hndrcape 
of individual map unitr. 
S o i l 8  i n  any l oca l i t y  i r  urually small. 
are known from experience or a re  learned. 

features do not ident i fy  so i l8  everywhere, and by no mean8 can a l l  intern81 r o i l  
properties used t o  define m ~ p  uni t r  be correlated with external featurer.  
boundarier cannot be predicted with confidence, they u y  be ident i f ied by d i r ec t  
ex8mination of the so i l .  

Certain so i l8  a re  typical ly  found together. 

In most place8 landscape feature8 mark the kindr of r o i l r .  But 1mdrcape 

Where r o i l  

In some areas,  important a t t r ibu te8  of the rubroi l  o r  rubrtratum are not re la ted 
t o  surface features. 
subrtratum, and similar a t t r i bu te s  u y  have no v i r i b l e  re l r t ionrhip t o  the vegetation 
or  other natural  features but may be hpor t8n t  when the r o i l  i r  ured. When dere r t  i r  
i r r igated,  when wet.roi l r  8re drained, o r  when highway8 are  bu i l t ,  r o i l  difference8 
that  a re  not ref lected i n  landrcape v a r i a t i o ~ ~ . m a y  become iaportant. ,  

Depth t o  bedrock, layers of contrasting texture,  s a l t  i n  the 
' 

Conditions O f  -8 kind O C C U t  i n  port 8Umey 8rC.8. If C m n  uppin$ 
technique8 are  used, the predictionr frequently turn out to be inaccurate f o r  roy 

extent of the s o i l ,  the boundarier must be de tea ined  by actual  examination. 

geomorphology may provide guider t o  strrt igr8phy, depth, and d is t r ibu t ion  of Undr of 
rock8, which are  re la ted t o  kindr of r o i l r .  

Stream8 and t h e i r  t racer  help i n  locating area8 tha t  hoe layer8 th8t d i f f e r  in 
texture. 
the pattern and r c r l e  of r o i l  V8ri8bilitp. 
route and spacing of t raverser  and the spacing of sampler vithin the t raverrer .  

8re.8. Unle88 the lupper Can re lppraire  the hnd6C8pe and re l iab ly  predict  thc 

In large are88 where lmdrC8pe h.8 1oV predictive P81W, geologic h i r t o ~  and 

The general hydrololg of an 8re8 u p  
indicate where 881t-Ch.rged water h8r moved and where the 8 a l t  h8r concentr8ted. - 

A8 much preliminary infomution a8 porr ible  i r  arrembled t o  help determine 
This infom8tion help8 in planning the 

In rome rurveys, fo r  example, are88 t o  be i r r iga ted  h n d ,  rupler of c r i t i c a l  
layerr may be taken for  rpecial  f i e l d  t e r t i ng  o r  ex8mination t o  determine boundarier. 
There ra~upler m8y.b~ taken a t  point8 on 8 predetermined gr id  which coincider with 
l iner  of traverre.  

Where intern81 propertier of r o i l s  a r e  ured fo r  locating boundarier, a 
predetermined l i n e  of traverse i r  generally followed. 
landscape featurcr  or  experience with the r o i l  pat tern indicate8 th8t there i r  
probably a signif icant  8 0 i l  ch8nge between traverrer.  
a t  some standard in te rva l  along the  t raverre  t o  locate  important differencar.  
properties deep in the r o i l  a r e  important, the plan m y  require obrenmtiona a t  fixed 
depth-inter3818 t o  a cer ta in  depth, ruch a8 1 Deter, and with layer depth interval# 
t o  greater depth. 

Side trip. are u d e  wherever 

U 8 d l y ,  the r o i l  i r  examined 
I f  

I n  mort areas,  roIc feature  of the landrcape o r  8.0- aspect of the pat te rn  of 
roi l8  already aapped on an adj8Cent t raverre  provider 8 b a d 8  fo r  predicting thc 
location of r o i l  boundarier. 
Obrenrationr a re  made. 
s o i l  i r  examined in more d e t a i l  or t o  a greater  depth to ver i fy  the prediction. 

t o  examine the r o i l  t o  considerable depth a t  C l 0 8 e  rpacin$. 

A8 evidence of ch.nge i r  observed, preliminary 
Where the evidence indicate8 an impottmt r o i l  bound8ry, the 

Where power equipment can be moved f ree ly  acrorr the countryride, it can be ured 
Hap mtr bared on 
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properties deep i n  the s o i l  can be delineated with reasonable accuracy and a 
reasonable r a t e  of progress i f  the geographic d is t r ibu t ion  of those properties i s  
consirtent w i t h  the scale  of upping.  

Neither standard intervals  between traverses nor Intervals  fo r  investigating the  

This kind of evidence i r  coamonly obtained as the survey progresaes, and 

s o i l  within traverses can be specified with certainty.  
direction and scale  o f . t h e  s o i l  boundaries and the  Variabi l i ty  of the important 
propertier.  
the mapping plan can be al tered t o  f i t  the 8Ccumuhted evidence. 

because the u p p e r  must depend on individual sites 8 s  SamphS of the area. 
are the soils a t  two ruple rite8 exactly alike.  
enough t o  ident i fy  8 signif icant  srea.  
var iab i l i ty  within areas large enough t o  be meaningful f o r  the objectives of the 
survey. Using preconceived ideas of s i6n i f ic rn t  limits of def ini t ive properties t o  
define map uni ts  without regard t o  t h e i r  geographic d is t r ibu t ion  usrully resu l t s  i n  
unmappable units.  Heaningless boundaries u p  result. Delineations should show the 
pat tern and scale  of orderly var ia t ion of so i l s .  
distances rhould be noted in the descriptions of the m8p units. 

The plan is adjusted to  the 

A great deal of s k i l l  and judgment i s  required in area8 of low predic tab i l i ty  
Rarely 

, Study of 8 single s i t e  is not 
tl8p uni t s  a re  defined t o  include the 

- 
The kinds of var iab i l i ty  over short  

In a l l  s o i l  surveys d is t inc t ive  1andscapes a re  outlined on the m8p first.  
surveys where most u p  units  a r c  f a i r l y  large and contain more than one kind of s o i l ,  
landscape ps t te r ru  a re  ident i f ied u i n l y  by in te rpre ta t ion  of ae r i a l  photograph., by 
ae r i a l  observation, and by study of topographic u p s ,  #eOlOgiC u p s ,  land use u p s ,  
and other available in fo ru t ion .  
objectives of the survey and the landscape pattern.  Prelimimry areas are  of course 
no smaller than the smallest del iner t ioa that w i l l  appear oa the s o i l  r rp .  They are  
often much larger. 
made up of more than one kind of s o i l  o r  r iscellaneour area. 
coincide with the hndscapes outlined i n  prelbixmry wort.rnd c m n l y  consist  of 
associations of s o i l  series o r  other s o i l  tau. 

In 

The r i te  of the outlined arear depends on the 

In  3rd, 4th. and 5th order sumeys, however, most u p  uni ts  are  
Hap uni t s  umully 

Trsverses of the p r c l b i r u r y  d ~ t l i 1 ~ 8 t i O M  u y  be desirable,  depending on the 
level of generalization required fo r  the somey, and the complexity of the s o i l  
patternr.  
but t h i s  plan should be tes ted in the f ie ld .  

must understand the bias 8SSOCi8ted with them. Roads and t r a i l s  c-nly follow the 
eas ies t  routes and avoid the rteepcr slopes, the wetter areas, the other places t h a t  

should be observed by the  u p p e r  on the ground. 

Pe plan of t raoerres  u r u d l y  i r  bared on bterpret8tioam of photographs, 

In areas of lou scccss ib i l i ty  roads or t r a i l 8  m y  be traveled; but the mapper 

t are  d i f f i c u l t  t o  CtoSS.  8UCh p18CeS are  in tegra l  par t8  Of Soil  8 S r O C i 8 t i O M  and 

T r a ~ e c t r  are c m n l y  wed  t o  dcterr ine the  corporit ion of u p  units. 
traasecting, a planned l i n e  of t rave l  is followed a8 closely as possible and the 
s o i l s  are obsemcd a t  predetermined regular intervalr. 

In transecting, router of t rave l  a re  sys t e r r t i ca l ly  planned t o  tive a val id  
Taxa ph8ses and other feature8 are ident i f ied and recorded. 

In 

sample of the srer. 
Distances or  number of points alona the route ident i f ied  by each t u o n  provider 
estimates of the tompornition of the r r p  mi-. 
pat terns ,  s o i l s  a r e  sampled most e f f i c i en t ly  i f  the t ransect  lines are selected a t  
random. 
inforaration about the pat tern of ro i l s .  

In sulnreys without eas i ly  predictable 

Lines oriented t o  cross the dt8iMgC pa t te rn  often provide the  most 

! 
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Sample blocks, instead of t ransec ts ,  a r e  used i n  s o w  s o i l  surpeys t o  determine 
Blocks do not  replace t raverser ,  .hovever, they permit the composition of map uni t s .  

one t o  observe s p a t i a l  pa t te rns  not always evident from transects.  Sampling by 
t ransects  is usual ly  more e f f i c i e n t  than block rampling f o r  estimating map u n i t  
composition. 

Uethods' f o r  sampling by blocks vary among s o i l  surveys. One method imposes J 

Grid se@entr a r e  numbered, and 
Each sample block i r  mapped 

gr id  of appropriate divis ion8 on the e n t i r e  area. 
sample blocks a r e  selected by drawing numbers a t  random. 
i n  d e t a i l ,  and the  area o'f each kind of moil i r ,#arured.  
estimates of the hinds and proportions of r o i l r  i n  each map unit .  
blocks and t h e i r  size is determined by r t a t i s t i c a l  pr inciples  with consideration of 
mapping scale ,  the  limits of confidence required f o r  the rummy, t h e  general  p a t t e r n  
of s o i l s ,  and the  re , la t ive size of s o i l  arear .  

*re data provide 
The number of 

For 5th order. map u n i t s ,  time, resourcer, and a c c e r r i b i l i t y  d r a r t i c 8 l l y  l i m i t  
sampling. 
each map uni t .  The data  from these SamplCI ,  along W i t h  obrenmtionr from t r a v e r r e r  
and spot obserpations, y ie ld  estimtes of "most CO-0" proportion8 of tax8 i n  each 
map unit .  

A t  l e a s t  some t ransec ts  or block8 are  aapped in d e t a i l  in EO# p a r t  of 

napping of organic s o i l s  follows t h e  EJ= general p r iac ip le r  as ~ p p i n g  of 
mineral s o i l s .  
and veget8tion. 

However, organic r o i l s  h v c  E- special  relationshipa to  lJnd8CJpe 
These re lat ionship8 a f f e c t  luppiag of organic r o i l 8  a t  a11 leve l r .  

In preparing t h e  aapping legend, rystematic invert igat ion of organic a o i h  i r  
required a s  f o r  other  kinds of s o i l .  
r o i l a  is required,  a8 w e l l  JJ high-quality imagery and appropriate t0018. 

The kind of organic r o i l  i n  many areas  i r  c lore ly  related t o  the kind and 
pa t te rn  of nat ive vegetation. 
undisturbed, r e l i a b l e  re la t ionship8 between s o i l r  and plant  cowm~ait ier  can be 
established. 
remote sensing can be very urefu l  in preparing legendr and in upping these r o i l r .  

A thorough knowledge of the generia of  organic 

Since many areas  of organic r o i l 8  a r e  comparatively 

T ~ u E ,  high-quality imagery from 8 e r i a l  photography and other  forms of 

Where organic r o i l 8  have formed d i r e c t l y  on a mineral rubrtratuo,  the 
environment may be ra ther  uniform over exten8ive arear.  
m~te r i r l  can varp with depth beCJU8e of ch.nges in climate over the period i n  which 
the  s o i l s  have formed and beCJU8e of difference8 i n  ra te  of decomporition r e s u l t i n g  
from the  accumulation of the  organic m ~ t c r i a l ,  ruch var ia t ion8 cornonly a r e  uniform 
over large areas.  
accurately estimated from the  proper t ie r  of a 8-11 r q l e .  

Although the kind of organic 

Therefore, t h e  proper t ie r  of a large area of organic r o i l 8  can be 

Organic s o i l r  a r e  not  uniform in 8- are.8 that have microrelief of huaaockr 
The humwrcks cammonlp contain f i b r i c  u t e r i a l ,  and the rwalcr c o n u i n  and svales.  

hemic and s a p r i c  mater ia l .  
determine the  nature of the  r o i l r .  

In ruch hndrcaper ,  u n y  more rite8 rwt be examined t o  

These re la t ionrh ipr  and procerrer generally apply where organic r o i l 8  a r e  formed 
Hovcver, each b a r i n  i n  which organic r o i l r  have formed h.8 a unique by lake f i l l i n g .  

loca l  environment, and the  organic r o i l r  i n  adjacent bar inr  m y  d i f f e r  conriderably. 
This is p a r t i c u l a r l y  true i n  i r r e g u l a r  g l a c i a l  moraines. 
materials may be covered by only a t h i n  rPantle of organic mterial i n  rome barin8 and 
by several  meters of organic mater ia l  i n  otherr.  

For example, l imnic 

8 

NSE Notice -59 S l t l 8 0  

- -  
~ 



.. . 

NSB - Appendix 1 
Chapter 7 

Areal re la t ionships  must be kept i n  mind when est imat ing the  extent  of the 
di f fe ren t  s o i l  components within basins,  p a r t i c u l a r l y  small basins. 
kind of organic r o i l  occupying a ra ther  Mrrov  f r i n g e  of 8 bog m y  cover a greater  
area than the kind i n  the  center.  

For example, one 

In northern glaciated areas  in p a r t i c u l a r ,  organic s o i l s  MY form around the 
edges.of swamps t h a t  have open v a t e r  in the center  while adjacent rwrnrps lack surface 
water. 

Standard forms f o r  describing r o i l  p roper t ies  are useful f o r  recording 
infomation rapidly and consistently.  
not omitted. 
form f o r  describing pedons. The w e  of a standard set of abbreoiationr f o r  roi l  
properties adapted t o  this form has 8 l lov td  the Size of tbc f o a  to be smll and 
e a s i l y  carr ied i n  a f i e l d  notebook and has 811-d rapid note-taking. 
f rac t ion  of t h e  pedon data currently ava i lab le  would have been assembled without the 
form. It i s  equally true that some t h i n p  a r e  not  kaoun because of it; gome 
observers have recorded only t h e  drtr f o r  which the f o m  provides s p e c i f i c  spaces. 

b n y  important a t t r i b u t e s  of pedonr are unique t o  certain kinds of r o i l s .  
of these eventually prove t o  be very irnportrnt. The in te r f inger ing  of s t rongly 
eluviated horizon i n t o  an underlying i l l u ~ i 8 1  horizon, f o r  ex.nrple, vas not  

Usin8 such f o r m  en8ures that informntion Ps 
The Nation81 Cooperative S o i l  Survey has f o r  u n y  years w e d  a standard 

Only a 

Some 

Y g l  

In some areas  a layer of water can uader l ie  the organic r o i l s  a t  a r e l a t i v e l y  
shallow depth. Such areas  may not support much weight and should be invest igated 
with caution. .. ... 

Organic s o i l s  of some coastal  wetlands lack d i s t i n c t i v e  hidSC8pe features  and, 
addi t ional ly ,  a re  poorly accessible.  
other  features  t o  predict  kinds of s o i l s .  In many c o a s t a l  areas  pa t te rns  and kinds 
of s o i l s  can be re la ted  t o  the pos i t ion  of such n a t u r a l  fca turcr  a8 shores, de l tas ,  
streams, and adjoining higher land. 
knowledge of t h e  geomorphic h is tory  of the area  in order  t o  make re8SOMble 
predictions related t o  such features  and to  deterPinc the places  where t r r n s e c t s  and 
other  f i e l d  chekcr w i l l  bes t  v e r i f y  the predict ions.  

Recording Field Data 

In these  a reas  the s o i l  s c i e n t i r t  relies on 

The s o i l  s c i e n t i s t  must acquire a thorough 

Keeping complete and accurate notes is an Important p a r t  of every f i e l d  vorker 's  
dut ies  throughout the  progress of the s m e 9 .  
understood, and legibly written. 

t o  notice and record the c m n p l a c e - - t h e  c m n  r o i l s ,  vegetation, crops, f a m s ,  
farming pract ices ,  8nd behavior of s o i l s .  
as  the nom, and only departures from the nom a r e  noted. 
t o  define and describe map u n i t s  o r  prepare o ther  working documents. 
describe the ordinary is of grea t  importance. 

Good note8 are  relevant ,  e a s i l y  

Perhaps the most d i f f i c u l t  job  f o r  an inexperienced s o i l  r c i e n t i s t  i s  learning 

The COImonplace is unconrcioualy accepted 
Such notes a r e  inadequate 

Learnlag t o  

Notebooks a r e  an important it'& ia a soil sumey. References  in size and f o m  

Standardizing the size and 
of notebooks vary widely. 
f i e l d ,  for  t h a t  is where the observationr a r e  recorded. 
form of notebooks within a s o i l  survey p r o j e c t  p c a i t s  rort'ing and consolidating the 
notes of d i f fe ren t  workers. 
and date should be ident i f ied  on each rheet. 

The notebook should be e a s i l y  car r ied  and used in the 

Looseleaf noteboob a r e  w c f u l  f o r  t h i s  purpose. Author ~ 

9 
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accommodated by t h e  standard forn used f o r  many year8 f o r  pedon descriptions and war 
seldom recorded. 
data needed t o  c l a s s i f y  many serier vere lacking. 
writ ten f o r  pedonr tha t  have unique a t t r i b u t e 8  o r  a rt.n&rd form can be w e d  and 
supplemented with additional. noter.  
information. 

When t h i s  property vas found t o  be useful f o r  c l a r r i f i c a t i o n ,  t h e  
' 

Narrr t ive description8 can be 

A l l  r tandard f o r u  provide rpace fo r  addi t iona l  

The c h a r a c t e r i s t i c s  of IJndrCJpe8 and the  telJt iOnrhip8 awn8 arrociated 
landscapes and the  s o i l s  on them should be noted. 
used t o  pred ic t  similsritier rnd difference8 among landscapes rhould be noted. 
During t h e  intensive study of t h e  area, the observed behavior of r o i l 8  under 
d i f fe ren t  uses should be recorded. Noter about compo8ition, r i t e ,  r h ~ p e ,  and 
d i s t r i b u t i o n  of mp u n i t s  provide a round b a r i r  f o r  preparing u p  u n i t  dercr ipt ions.  

These f o a r  l i r t  a11 of the 

Pattern8 on a e r i a l  photographr 

. Recent advancer in t h e  f i e l d  of a u t o u t i c  d8t8 p r o c k i n g  hJve l ed  t o  the 
development of "mark-senre" form8 t o  record pedon &t8. 
conventional s o i l  p roper t ie r  used t o  descr ibe ptdOn8. 
these propert ies  a r e  l i r t e d  i n  a nwbered g r i d . r y r t a  of boxer, which are marked by 
the user. 
pedon d 8 t J  can then be r tored  and retr ieved a8 a complete pedon dercription. 
other standard forms, the m8rk-renre f o m r  provide rpace f o r  addi t ional  inform8tion. 

k r l g r m t i o ~  and lirits of 

These m ~ r k r  a r e  read e lec t ronica l ly  and entered i n t o  a computet. The 
A8 with 

Forms f o r  describing m p  u n l t r  a r e  a180 used in the  Nation81 Cooperative S o i l  
Survey. 'fhese forms 4 v e  t h e  ram benefi t8  and l i m i t ~ t i o n r  a8 the one8 used to 
describe pedons. 
ident i fy  and descr ibe map u n i t r ,  their use enrurer that there Item become vel1 
documented during t h e  course of t h e  survey. But 8- obrerverr tend t o  be inhib i ted  
by forms and record only the itcar of in fomatfon  ca l led  for on the form. 
the kinds of information needed t o  adequately describe m p  u n i t r  cannot be dercribed 
i n  enough d e t a i l  on a fora  unlerr  adequate rpace i r  provided f o r  addltion81 
information. Such kinds of information a8 t h e  C h J r J C f e r i 8 t i C 8  of 1andrCaDer. t h e  

Because there  form8 l i s t  many of the item8 of in forar t ion  needed to . 

Some of 

geographic re la t ionship8 of t h e  component8 of a m p  u n i t ,  and the bebvio; of there 
components under d i f f e r e n t  condition8 probably need t o  be given in lurr8tive 
statements. 

Any observation about any a t t r i b u t e  of a u p  unit u d c  during the  coune of 
mapping is  vorthvhi le  and should be recorded in r u f f i c i e n t  d e t a i l  so a8 to f i t  into 
pat tern vhen t h e  notes a r e  arrembled. 
only l i m i t e d  value. 
provide J round b a r i r  f o r  preparing map u n i t  de8CriptiOM. 
preparing and ver i fying in te rpre tJ t ioa8 .  
un i t s  t ha t  vi11 serve the purporcr of the survey. 

h n y  f i e l d  noter a r e  too brief and h8ve 
No matter how they a r e  taken, complete and accurate noter 

They a r e  useful in 
And they help t o  t e r t  the 081idi ty  o f  u p  

Noter should be asrembled in a form that p e r r i t r  effective use. Various method8 
are  used t o  s o r t  f i e l d  noter ,  bu t  f l r r t  the note8 a r t  be recorded in 8 forr  that can 
be rorted.  
unless the notes c h ~ r a c t e r i t e  re la t ionrh ipr  within a complex or arrociatioa. 
Separate f i l e s  can be made f o r  map u n i t s  and t h e i r  component r o i l s .  

Noter f o r  two taxa,  f o r  example, rhould not  be recorded on the 8- page 
. 

Completing Field Sheet8 

Host s o i l  survey f i e l d  sheet8 a r e  individual photograph8 o r  compiled photobare 
maps. 
for  errors. 

As each f i e l d  sheet is completed it is joined w i t h  adjacent rhee ts  and checked 

e. 
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' 
Joining f i e l d  sheets.--Each p a i r  of adjacent f i e l d  sheets  shares a cormDon match 

The mapping on 

*. l ine .  
be t ransferred t o  the adjacent sheet ;  but d e n  the  f i e l d  sheet  i r  completed, s o i l  
boundaries and other  features  m y  be discontinued a t  the match l ine .  
each f i e l d  sheet should be carefu l ly  matched with t h a t  on adjacent sheets  t o  check 
boundaries and delineations.  Roads .ad streams a180 should be continuous from one 
sheet  t o  another. 
join.  

s o i l  l i n e s  a re  t ransferred t o  the s o i l s  overlay. 
the photographic background is  available.  

During mapping, s o i l  boundaries a re  comnonly extended beyond the match l i n e  t o  

Special  care is needed a t  the corners where four  f i e l d  sheets  

I f  s o i l  boundaries a r e  sketched on overlays, f i e l d  sheets  a r e  matched before 
Hatching should be completed while 

. The mapping on one f i e l d  sheet can be matched w i t h  tha t  on an adjacent rheet i n  
several  ways. For a e r i a l  photographs, the mapped f i e l d  sheet  and an adjoining 
unmapped f i e l d  sheet can be placed under t h e  stereomcope and the h g e s  =shed. 
s o i l  boundaries and other  features  on both s ide8 of the match l i n e  Can then be 
t ransferred from the  completed f i e l d  rheet t o  the unmapped 8heet. 

The 
b . , 

Another method, t h a t  is p a r t i c u l a r l y  ruefu l  i f  adjoining f i e l d  8heet8 vary in 
sca le ,  is  t o  t ransfer  boundaries by reference t o  the photographic imager. 
match l i n e  the  relat ionship of the  s o i l  bouodarier t o  images of i r o l a t e d  trees, 
clumps of bushes, f i e l d  c o ~ e r r  and the l i k e  a r e  obrerved. Images of the name 
features  a re  located along the m t c h  line of the adjoining photograph, 8nd the 
boundaries a re  t ransferred or  checked i n  r e l a t i o n  t o  the imager. 

Along the 

I f  adjoining f i e l d  rheets  a r e  t h e  88me rca le ,  s t r i p  of tran8parent paper o i  
p l a s t i c  can be placed along the match l i n e  of a mapped rheet.  
aurgin is marked on the transparent s t r i p ,  which i 8  then placed alona the match'l ine 
of the adjJcent sheet f o r  checking o r  f o r  t r a n r f e r r i n g  the upping .  

The rrpping a t  the I 

' I  
. I  

;(, 
When t h e  second f i e l d  sheet is mapped, bouadarier of del ineat ions that croas the  

match l i n e  may be r l te red .  Conrequently, the'boundarier a t  the match l i n e  must be 
rechecked a f t e r  both f i e l d  rheetr  have been completed. 
adjacent f i e l d  rheetr  independently and the rheet8 are joined a f t e r  both h8ve been 
completed, the matching checks t h e  uolforoi ty  of fieldwork. 

may require  addi t ional  fieldwork before the fin81 u p  can be compiled. 
i l l u s t r a t e s  some er ror8  on unmatched f i e l d  sheetr .  

I 
If d i f f e r e n t  individuals  map I 

I 

I f  there  is  no systematic method of joining shee t r ,  e r ror8  i r e  e a r i l y  made th8t 
Figure 7-6 

I 
Inking f i e l d  sheet8.--After u p p i n g  has been completed on each f i e l d  sheet ,  it 

; may be inked t o  provide a permanent record and to provide a u p  from which copier can 
be made (p la te  7-1). A l l  r o i l  boundarier and rymbolr and import8nt d r 8 i ~ g e  fea tures  
should be inked. 
mapping r t ~ r t r  8nd are specif ied in fhc legend. 

scanning equipment are preferred.  
base material ,  8nd the  l i n e r  rhould be opaque. 
rui table .  

I 

Cultural  features  needed on the r o i l  u p 8  a n  determined before 

Inks or lcadr that reproduce photographically and are readable by automatic 
The ink o r  lead ured should be compatible with the 

Several Undr  of inL. 8nd lcadr  a r t  
Pen8 that s t o r e  carbon-bare ink i n  8 reremoir a r e  comonly used. 

Several pens t h a t  rake uniform l inea  of d i f f e r e n t  thichrers a r e  needed f o r  
inking d i f fe ren t  feature8 and f o r  l e t t e r i n g .  
features  a r e  indicated i n  the  list of conventional qmbolr  in Chapter 6. 

Lime vid thr  rccomendcd f o r  d i f f e r e n t  

11 
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Commonly, d i f f e r e n t  groups of features  are inked i n  separate operations.  
Drainage i s  inked f i r s t  and inspected t o  see t h a t  individual streams a r e  properly 
joined, matched, and c l a s s i f i e d .  
roads and other fea turer  is  checked a t  the same t ime .  Then s o i l  boundarier and 
symbols a r e  inked. 
cer ta in  features  may not  be inked. 
roads is  pronounced, they do not need t o  be inked. 

Then, cul ture  is inked and the  c l a r r i f i c a t i o n  of 

F ina l ly ,  the  place names a r e  le t te red .  In 80- rurveyr,  however, 
For example, i f  the  photographic Image of a11 

I f  photobase map sheet8 a r e  used as f i e l d  sheet8, the inking rry be done on 
transparent overlays. 
drainage, one f o r  s o i l  boundaries, and one f o r  symbolr. 
composite overlay and can be used i n  pr in t ing  the f i n a l  ~ p .  
can be used i n  pr in t ing  spec ia l  purpose maps. 
with pr inted symbols can be applied t o  the overlay, saving handwork. 

A8 many a8 three overlay8 can be used: one f o r  c u l t u r e  and 
Together these f o r a  a 

The individual  overlays 
Adherive-backed c l e a r  r t r i p p l n g  f i l a  . 

I n  inking s o i l  boundaries, a good procedure i r  t o  c lore  each boundary within one 
sect ion of the  f i e l d  sheet.  
symbol is  placed ar near the  center  of the area as  prac t ica l .  
is placed i n  areas  tha t  extend f o r  long d i r t 4 c e r  and in thore tht have i n t r i c a t e  

When t h e  boundary of an area of r o l l  i r  closed, i t 8  
nore than one symbol 

8hapes 

Happing along the  match liner M y  be l e f t  in penci l  uti1 the f i e l d  rheetr have 

S o i l  symbols on a11 sheets  rhould be porit ioned t o  be read horizontal ly ,  o r  a8 

been joined. 

nearly so a s  porr ib le ,  vhen the  a r p  i r  or iented in one direction.. U r u l l y ,  north i r  
tovard the  top of the map. I f  an area I8 too 8-11 t o  contaln a ryrbol  the r p b o l  may 
be-placed outside it and a leader  used t o  indicate  the area t o  which tht symbol 
applies.  The leader  should be 80 placed that it cannot be confused v i t h  a s o i l  
boundary. 

Place  mer should be inked l a r t  80 t h a t  they u p  be placed vhere they vi11 not  
Place DI#I rhould be arranged so t h a t  they obscure s o i l  symbols and other  d e t a i l r .  

c lear ly  ident i fy  t h e i r  featurer .  
oriented p a r a l l e l  t o  the liner. 
horizontally,  w i t h  nor th  a t  the  top. 
should be named on each rheet.  
confurion a r i r e r  about which branch is meant. 
rimer a r e  i l l u r t r a t e d  i n  f igure 7-5. 

N a m e 8  of featurcr  eXptt88ed as liner on t h e  u p  a r e  

ImpOrtAnt featurcr  t h a t  rerve a8 landmark8 
Naer of r t r e a m  should be 80 posit ioned t h 8 t  no 

. 
hmer of other  featurcr  a r e  U r u l l y  or iented 

Incorrect  and c o r r e c t  placc#nt  of 

Neatness and l e g i b i l i t y  a r e  inrportJnt i n  le t te r ing .  b p r  vith many . O i l  
symbols, boundarier, c u l t u r a l  fea turer ,  and t h e  l i k e  becom confruing unlers  the 
l e t t e r i n g  is done v i t h  rpec ia l  a t t e n t i o n  t o  high r t ~ a d a r d r .  
should learn  the a r t  of freehand l e t t e r i n g .  

Every r o i l  s c i e n t i s t  

A simple s t y l e  of l e t t e r i n g  rhould be used. Freehand s t y l e s  t h a t  use mingle 
r t roker  a r e  b e s t  f o r  inking f i e l d  rheetr .  
r t roker  a r e  made w i t h  an even rteady motion. 
dovaward r t roke;  horizontal  llncr a r e  made with a st roke from lef t  t o  right. 
s l a n t  of the lct tcrr  is  kept uniforn. 

The pen I8 held a8 in u r i t i n g  aad the 
Slan t  or  v e r t i c a l  liner a r e  u d e  with a 

The 

Checking f i e l d  'sheet8 .--Each f i e l d  rheet  rhould be checked f o r  open boundarier , 
areas vi thout  symbols, and other  e r rors .  
sheets,  and another person may check each sheet f o r  completenerr and l e g i b i l i t y .  
par ty  leader should be responrible f o r  checking the orpping of each par ty  member. 

Field vorkerr usually check t h e i r  own 
The 

-m 
I 
! 
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' The mapping of beginners generally needs much checking. 
map adjacent f ie ld  sheets, the party leader can compare their upping  i n  the areas 
where the sheets join.  
f o r  technical standards often check boundaries and symbols on samples of each s o i l  
sc ien t i s t ' s  f i e ld  sheets. 

I f  different  s o i l  s c i en t i s t s  

During f i e ld  revieus, superrrisory s o i l  Scient is ts  responsible 

After mapping has been completed, the party leader ihould check a l l  of the f i e l d  
sheets t o  see i f  any corrections and remapping are  required. 
inconsistencies increase the cost  of map construction and delay publication. 
most common mistakes, i n  order of frequency, are- 

b i s s i o r u  and 
The 

1. 
2. 
3. 

incorrect joining a t  the u t c h  l ine ,  
f a i lu re  t o  close m p  unit  boundaries, 
omission of rymboh or  use of symbols not identified i n  the legend, 

. 
t 4. incorrect interpretat ion of cul tural  and drAiMge features, 

a 5. use of incorrect place names. 

Failure t o  close s o i l  boundaries is a c m n  error. Figure 7-6 has three open 
boundaries--between map uni ts  11 and 31i betveen uni ts  62 and 25, and betveen units 
38 and 62. The person who inked this sheet probably overlooked the lack of closure 
because of the drainage l ines  and railroad symbols that cross the area. Whatever the 
cause, the user cannot t e l l  where one un i t  ends and the other begins. 
have to  make A special  t r i p  t o  the f i e l d  t o  clore these boundaries. 

Someone u p  

Each a r t 1  of a kind of Mp uni t  nut be Coopletdy separated fram a11 adjoining 
areas by A s o i l  boundary o r  the boundary of a body of water. 
l ines representing streams nor the conventional symbols fo r  roads, rAiltOAdS, andathe  
l ike can reme as m p  uni t  boundaries. 
only one kind of ~p unit. 

Neither the s ingle  

Each area also must contain the symbol f o r  

Errors i n  symbols take various f o r u .  A delineation on a f i e ld  sheet might be 

A carelessly u d c  "91" u y  be 
closed without a symbol in  it, o r  a symbol not l i s t ed  in the legend might be used. 
Symbols might be i l l eg ib ly  drawn on the f i e l d  sheet. 
read as ttll," "71," o r  "77." Practice and Care in l e t te r ing ,  good j u d v n t  in placing 
symbols, and care i n  erasing and reinklng mistakes ensure legibi l i ty .  

color each delineation by hand on PhOtOgrAphiC copier of the f i e ld  sheets. 
check reviews each delineation and inspects boundaries throughout their length. 
another method, each f i e ld  sheet is divided in to  sections of perhaps SO t o  100 square 
centimeters. The delineations v i th in  each section a re  checked one a t  a tlme, rpecial  

v i th  the legend, they m u s t  be especially d i l igent  in checking the symbols against  the 
legend. 

' 

Various methods a re  available f o r  checklag f i e ld  sheetr. A good method is to 
A color 

In  

f care being taken a t  the edges of the sections. I f  the u p  checkers a re  not familiar 

Incorrect placement of d r A i n ~ ~ p  o r  cul tural  features on the u p  can ser iously 
reduce t h e  accuracy o f , u p  uni t  boundaries. 
l i k e  must be correct. 
except by stereoscopic study o r  f i e ld  investigation. 
available, locations of fes tures  on the f i e l d  sheets are checked ansinst  them. 
possible, locations a re  checked vhi le  upp ing  is ia progrcrs. Place n u e s  a r e  
verified with an authori ta t ive source. 

The location of stream, roads, and the 

I f  accurate reference u p s  a re  
Host e r rors  in placement cannot be checked vith precir ion 

I f  

Keeping records of f i e ld  sheets.--hch f i e ld  sheet m y  be identified by s number 
that  locates it on an index MP of the area. The index u p  outlines and ident i f ies  
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a l l  of t h e  f i e l d  sheets  of the survey. 
used, severa l  hundred individual sheets  a r e  required and J systematic means of 
ident i fying their l o c a t i o n - i n  the suroey area is  needed. 
avai lable  f o r  most areas  where photographs a r e  used. 
samll-scale map by p l o t t i n g  the match l i n e s  of the f i e l d  sheets.  

Mere single-lens a e r i a l  photograph. a r e  

Photographic indices a r e  
An index amp CJU be u d e  from J 

Each f i e l d  sheet  should contain the mme of the rurvey area,  the Sta te ,  the da te  
of t h e  sumey,  and the  names of the s o i l  rcientistr who mpped t h a t  sheet. 
others who inked o r  checked the sheet and its s c a l e  may be given also.  
t h i s  information can be put only on the  back of t h e  sheet. 
the  f ront ,  it may be placed so t h a t  it w i l l  appear on photographic copiea. 
can be used t o  provide spaces f o r  the infomation.  

Nawr of 
Commonly a11 

Where it CJU be put  on 
A rtamp 

The adjacent f i e l d  sheets a r e  ident i f ied  on the m r g i n r  of each sheet.  When 
adjacent f i e l d  sheets  have been joined, the margin8 of t h e  f i e l d  sheets  m y  be marked 
and i n i t i a l e d  by the  persons responsible. 
on a t ransparent  overlay over the  map index. 

Heasrrring t h e  area of w p  units.--Soil M p r  show both the locat ion and the 

The joined match liner can ~ 1 8 0  be marked 

ex ten t  of map uni t s .  
Planners, f o r  example, need t o  knov the  extent of area8 having c e r t a i n  poten t ia l r  o r  
problems. 
growing a c e r t a i n  crop. 
un i t s  of small ex ten t  a r e  important enough t o  be retained on t h e  published PIP. 
Heasuring the  a reas  ~ 1 8 0  check8 the u p  f o r  open boundarier, de1ineatioM vithout 
symbols, and unident i f ied symbols. 

Hersurementr of the area of each u p  u n i t  are needed. 

Processorr of fans products frequently need t o  loca te  a reas  r u i t e d  t o  
The data on area a r e  w e d  t o  help decide whether certaln map 

lleasurements on f i e l d  sheets a r e  rubject  t o  e r r o r s  CJU8ed by d i r t o r t i o n  of t h e  
photographs. 
If the  extent  of map u n i t s  i r  measured f o r  the  entire rurvey area, t h e  data f r o 8  
f i e l d  sheets  a r e  adequate f o r  most uaes. 

Nevertheless, the error8 a r e  small compared t o  e r ror8  due t o  rampling. 

The area of m ~ p  unit8 can be measured f o r  the entire rurvey area; o r  rample 
areas  can be se lec ted  and the extent  of PIP units in them measured and expanded t o  
represent  the ent i re  area. 

The accuracy of the ertlmate b&d on rample area8 depend8 on the rize of the 
sample and where t h e  sample area8 a r e  located. 
of the  t o t a l  a rea ,  estimates a r e  subject t o  r e l a t i v e l y  l a r g e  e r r o r r .  
sample should be a t  l e a s t  10 percent of the t o t a l  area. 
sample, map u n i t s  of sm~ll  extent a r e  l i k e l y  t o  be e i t h e r  8i88ed e n t i r e l y  o r  
overestimated. 
t o  be reasonably re l iab le .  
most uses of d J t 8  f o r  the major r o i l s  i n  the  survey area. 

If  the saq le  i r  le88 than 5 percent 
Generally, t h e  

Even v i t h  t h i r  large J 

'Ibc ertiouter of extensive u p  units by r~mpling wthodr  a r e  l i k e l y  
EStimJte8 based on rumple area8 can be r a t i r f a c t o r y  for  

I f  J sampling procedure i r  used, dividing the area 8urveycd into r o i l  
associat ions and ampl ing  each ar roc ia t iua  reparately i S  helpfull. 
estimates can be derived from r~mple s t r i p 8  running a11 tbe Way acrorr each 
rssoc ia t ion  rod or iented a t  r i g h t  angler t o  t h e  pro8inent u n i t  bound8rier. 
s t r i p s  can be spaced t o  provide the needed r ~ m p l e  rite. 
areas  or iented a t  random yie ld  less accurr tc  estimJte8, e rpech11y i f  the sample i 8  
small. 

?he most accurate 

Thc 
. Square atear and rectangular 

. 

Several methods can be used f o r  measuring the area of u p  u n i t r .  The dot-grid 

, 

method uses a t ransparent  sheet o r  card on which dot8 a r e  evenly .--aced vertically 
! 
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and horizontrl~y. 
area. 
are counted. 
The dots in each delineation are summed for the nup unit. 
by each dot can be calculated on the basis of the map scale and the spacing of the 
dots. 
of dots. The squares that fall within a delineation are easily counted. 
that fall on a boundary of a delineation are averaged during counting. 
depends on the judgment of the person doing the counting. 
the use of squares can result in somewhat greater accuracy than by the use of dot, 
but of course it is more time consuming. 

Each dot on the grid represents a small square, which has a unit 
The transparent sheet is placed over the map and the dots in each delineation 

The land area represented 
Dots that fall on the boundary of a delineation are alternately counted. 

Less extensively used are grids that have a network of small squares instead 
Squares 

Such averaging 
If it is carefully done, 

* The dot-grid method is simple, inexpenoive, efficient, and convenient. For 
these rcasons, it is the method most comaonly used in field offices. 
of the dot-grid method is that it is not well adapted where there are long, narrow 

. I delineations on the  map. However, it is sufficiently accurate for most purposes 
because the land areas for the map units tend t o  be averaged if large areas, i.e., 
entire field sheets and the like, are measured. 

A shortcoming 

The planimeter is an instrument used to measure area by measuring the length of 
the boundary of the delineation. 
delineation with J tracer. 
land area by using an appropriate conversion factor related to m p  scale. The use of 
the planimeter is an accurate method to measure maps but it i8 very slow and tedious. 
Accuracy depends on the skill and,pJtienCe of the operator and on the care taken to 
convert measured values to land areas. The electronic calculator ir an 
alternative method to the dot-grid method in that it electronically counts squares on 
a grid. By using an appropriate grid to fit the desired map scale and a wired pencil 
assembly to trace the map unit boundary, area can be detemined easily from a numerical 
display. This method compares closely in accuracy to the dot-grid method but is much 
quicker and more convenient. 
method. - 

This is done by following the outline of the 
The value indicated on the planbeter is converted to 

( 

It it initially much more expensive than the dot-grid 

Computer based electronic mapping systems, for example, the Automated Happing 
System (AM) used by the Soil Conservation Service, have the capability for measuring 
the area of map unit.. 
made from balf-tone film positives of the finished soil upr. 

Such s y s t e m  are very accurate. They depend on line maps 

Weight apportionment, a method used i0 the part by the Soil Conservation Service, 
uses paper that has uniform veight per unit area. 
paper, the delineations are carefully cut out and sorted by map unit, and the paper 
for each map unit is weighed accurately on an J~~lytiC8i balance. 
weight of the paper represents J certain area of land. 
accurate but serves JS an excelleat final check for errors on field sheets--open 
boundaries, areas vithout mymbols, and the like. 
other methods of checking field rheets. 

The MP is reproduced on this 
9 Each uoit of 

This method is not only very 

It Can replace color checks and 
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Footnote s 

1' See the study by J-S A. ~omerening and ~ a r l i n  G. Cline, * m e  8CCUr8Cy of 
s o i l  MPS prepared by various methods th8t use aerial  photograph Interpretation,** 
P h o t o g r a ~ e t r i c  EnEineerinE 19: 809-817, 1953. 

. 
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Illustration legends 

Figure 7-l.--Using a cornon pocket stereoscope. 

Figure 7-2.--Sharplp defined boundary between randy soils on 8 high terrace (at 
right) and l o w  soilr on 8 lower terrace. 

Figure 7-3.0-Broad transition zones between contrasting soils. 
Brookston aoilo; light areas are Crosbp soils. 

Figure 7-4.--Failure to join adjacent f i e l d  sheetr: 

Dark areas are 

A, boundaries do not match where four field sheets join; 
B, boundaries match but symbols do not; 
C, symbols match but boundaries do not. 

Figure 7-5.--Locrtion of place names. 
Lewis, and Rat Creek is the lover of the two branches. 

Figure 7-6.--The omission of a map unit boundary is a rerious error, as in three 
places in this example. 

Only the uppermost of the three lakes is Lake 

q.1. - ornu I 1- *sD-9w-Y 
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e Recording and Storing Data 

a .  

Infomation gathered during a s o i l  survey of an area i s  recorded par t ly  
on maps and par t ly  as notes. 
good survey. 

Both kinds of records a r e  essent ia l  t o  a 

Field Notes 

Taking f i e ld  notes is an iqrportant pa r t  of f i e l d  work. 
basic information used i n  developing the descriptive legend, s o i l  
interpretat ions,  and the manuscript fo r  publication of individual s o i l  
sumeps. 
descriptions of s o i l  se r ies  and f o r  correlat ing s o i l s  i n  t h e  nat ional  
program. 
accomplishment, f i e l d  notes are  equally important. 

Notes are the 

They are  a lso used fo r  preparing standard def ini t ions and 

Although completed f i e l d  sheet8 a r e  conspicuous rccordr of 

The bes t  notes are  those written while obserpations a r e  fresh. For 
example, the description of a s o i l  p rof i le  i r  recorded a s  it i r  
examined. 
recorded during the conversation or fmmediately afterward. 
a re  recorded promptly, pa r t  of the infornution w i l l  almost cer ta in ly  be 
l o s t .  A l l  f i e l d  notes should be c lear ly  ident i f ied.  The rurrtey area, 
date, location, and author a re  necessary on loose-leaf sheets and tape 
recordings. 
notebook. Each note should be related t o  an iden t i f i ed  r o i l .  Source of 
infoxmation obtained other than from di rec t  observations should also be 
ident i f ied.  

Infomation from a conversation with a farmer is best  
Unless notes 

The date  and location a re  needed f o r  each entry in a 

Because of turnover i n  surpey personnel, f i e l d  notes need t o  be useful 
t o  others besides t h e i r  author. Shorthand notes need t o  be transcribed 
t o  be useful t o  others. 
words used i n  t h e i r  standard dictionary meaningr. 

Standard terminology rhould be used, and comaon 

The most important notes record the cornonplace-extensive kindr of 
s o i l s  and t h e i r  properties,:the coamon crops, the success of r e p t i c  
systems, etc.  
cornonplace. 
interpretat ions from such notes a re  unsuccc8sfu~ because they lack 
essent ia l  information. Consequently, an individual m u s t  first learn  t o  
ace and record the conmonplace; the individual san then record 
departures from the urual. 

Three major kinds of f i e l d  notes art rccordr of the nature of r o i l 8  of 
an area,  infoxmation on t h e i r  behavior, and inferences about how t&y 
f ormed . 

The tendency i r  t o  record departures from the 
Subsequent e f fo r t s  t o  prepare a descr ipt ive legend or  make 

Field notes are  the prime oource of basic information f o r  describing 
s o i l s  and map units. 
a t  special ly  selected s i t e s  and observations made during mapping. 
Happing notes a r e  usually not f u l l  descriptions. 

Such notes record complete dercr ipt ionr  of pedonr 

They may record only 
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color, texture,  and thickncrr of major horizonr ar rccn i n  auger corer. 
Recordr from spots i n  many mapped bodier rhow t h e  range of there 
properties f o r  a s o i l .  Thir information i r  wed t o  rupplcment detailed 
examinations i n  describing the r o i l  as a whole. Notes of thir kind are 
especial ly  fmportant f o r  ro i l8  tha t  8re not w e l l  known and fo r  s o i l s  of 
po ten t ia l  but quertionable map uni t r .  

Field notes include information about the relat ionrhip of map un i t r  t o  
one another, t o  landforms, and t o  other natural  features. The r e t t i ng  
of a s o i l ,  i t s  posit ion i n  the landscape, i r  important. 
features strongly influence the d i r t r ibu t ion  of r o i l r .  
landscape, the propertier and extent of the s o i l  and the location of 
s o i l  boundaries can be deduced. 
t h a t  a par t icu lar  s o i l  occupies and how the r o i l  f i t s  in to  the hndrcape 
should be described. 
important i n  re la t ion  t o  large-scale s o i l  management. 
of the manual contain detai led information on landscape indentification. 

hndsC8pe 
From the 

The kind of landform or  the pa r t  of it 

So i l  pat terns  and rhapes of r o i l  delineationr a re  
Chapters 4 and 5 

The kinds and smounts of inclusions in map units are noted and recorded 
during fieldwork, but such obremi~t ions need checking a f t e r  the uni t s  
have been delineated. Inclusions a re  ident i f ied  by name, or  t h e i r  
properties a re  described. htimates of the amount of inclusions made 
while mapping a re  rarely precise.  
detecting heterogeneous area8 that may n e c e s s i t ~ t e  changes in the 
legend. 
techhiques such as l ine- t ransect  o r  point-intercept method8 . 
contains d e t a i l s  of naming, designing, and composition of map unitr.) 

Neverthelesr, they are  useful f o r  

Accurate estimates of unount usually require special  razupling 
(Chapter 5 

Notes should be made on s o i l  erosion in par t icu lar  map units. This 
could include such items a s  description of eroded area,  degrees of 
erosion within and between phases, differences i n  va r i ab i l i t y  among 
so i l8  and landscape posit ions,  extent of redeporition i n  map uni ts ,  and 
e f f ec t  of erosion on crop yield8 and mnagement of the ro i l .  (see 
Chapter 4 f o r  more d e t a i l  on classer of erosion.) 

Soi l  behavior is  the performance of s o i l  when urcd h any way. 
includes agr icu l tura l  productivity, perfosmance as highway subgrade, 
support fo r  houses, o r  waste dirporal  r i te.  Notes on s o i l  behavior, 
unlike those on nature and propert ier ,  a r e  obtained largely from othera, 
ra ther  than being obsemed d i r ec t ly  by f i e l d  s c i e n t i r t r .  
records of d i r ec t  obsemationr. 
s c i e n t i s t  8nd should b e  labeled JI ruch. 

Behavior 

Son# are 
S o w  are inference8 by the f i e l d  

Notes on behavior focus on current and foreseeable future  user of the 
important kinds of s o i l  in an area. If the primary ure of the survey 
area i s  range but some r o i l s  a r e  i r r iga ted ,  information on range pro- 
duction may be needed f o r  a l l  ro i l8  of the area,  but notes on 
performance of s o i l s  under i r r iga t ion  would probably be required f o r  
only a few. 
purposes of the survey even though it comer from the experience of only 
a few individuals or a few kinds of so i l r .  
expanding population needs data on the engineering performance of r o i l s ;  

Infoxmation on probable fo re s t  growth m i g h t  be per t inent  t o  

An area with rapidly 
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how well the  d i f fe ren t  kinds of s o i l s  would support houses, what kinds 
of subgrades a re  required for  s t r e e t s  and roads, and whether on-site 
waste disposal systems would function sa t i s f ac to r i ly .  0 
While surveying, the s o i l  s c i en t i s t  can see poor crop growth on a w e t  
s o i l  or on an eroded area. Fa i lure  of a highway subgrade o r  a waste 
disposal system i n  spec i f ic  kinds of s o i l  is observed and recorded. 
the other hand, data on yields  and management pract ices  f o r  spec i f ic  
crops usually come from farm records o r  experimental f i e l d s ,  however, 
valuable information can be obtained from observations made in the f i e l d  
about the impact of wetness o r  erosion on crop y ie lds  and range 
conditions. Similarly, information on fo re s t  growth is  usually derived 
from obsemations made by others,  but can be rupplemented by infomat ion  
recorded by t h e  s o i l  s c i en t i s t .  Host information on the engineering 
performance of a s o i l  comes from people who work with s t ructures  and 
s o i l  as a construction material. A special  e f f o r t  should be made t o  
obtain these kinds of infomation from knowledgeable people during f i e l d  
work. 

On 

. 

The source of information about s o i l  behavior i s  recorded in the f i e l d  
notes. 
a l l  equally re l iable .  

Furthermore, the information should be evaluated, f o r  it is  not 

Observations and inferences need t o  be c lear ly  distinguished. Mort 
notes about how s o i l s  formed, for  example, are inferences. 'The 
condition of groving crops i s  obselvable, but statements about r o i l  
productivity based on such observations a re  inferences. 'Rut r o i l  
material is nearly uniform s i l t  loam and lacks coarse fragementr i r  
d i rec t ly  observed; the conclusion that the r o i l  formed from loess ir UI 
inference. 

- 

Inferences a re  t o  be c lear ly  distinguished from observation8 of s o i l  
morphology, vegetation, landfoxm, and t h e  l i k e .  
formed on the basis  of inference should not unduly influence the choice 
of obsemation sites o r  the properties t o  be obremed. 

Theories that have been 

Form and storage of notes 

Each f i e l d  party should devire a simple, easy system f o r  taking and 
f i l i n g  f i e l d  notes. No single  vay of taking f i e l d  notes i s  prescribed 
because any standard system devired f o r  a l l  par t s  of the country would 
be burdenaow in many places. 

Host f i e l d  notca a re  handwritten, many i n  longhand but 8 few Lrr 
shorthand. 
ixnediately avai lable  f o r  reference. 
though typing is seldom necersary if the notes are ne8t and rystcnrrtic. 

1 

Time is required t o  take handwritten notes, but they are 
Such notes can be typed l a t e r ,  

Portable tape recorders CIP be urcd for  taking field notes. Notetaking 
w i l l  need t o  be well organized fo r  t h i s  method. 
i s  la rger  with tape recordings than w i t h  handwritten notca because less 
time is available for  ref lect ion when recording the rpoken word than 

The r ink  of overright 
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when writ ing notes. 
recorded. 
and retrieved. 

Tapes should be played back a f t e r  notes are 
Recorded notes are  usually typed  l a t e r  so they can be f i l e d  

Some information can be recorded more quickly and accurately a s  
photographs than a s  words. 
surveys than they have been i n  t he  past .  

Notebooks.of various s i zes  and formats a r e  used i n  s o i l  surveys, 
depending on working conditions and personal preferences. Large 
notebooks with pages of about 21 x 27 cm provide ample space f o r  wri t ing 
and sketching. Smaller notebooks, 8 t o  13 cm wide and 13 t o  20 cm long, 
t h a t  can be carr ied i n  a pocket have advantages f o r  a person on foot.  

Photographs could be used much more in s o i l  

Loose-leaf notebooks, springback binders,  and clipboards a r e  widely 
used. 
s i te  o r  o b s e r ~ a t i o n  are made'on a sheet. 
a t  f i e l d  headquarters every day. 
reconnaissance t r i p s ,  small bound notebooks a r e  less bulky and o f fe r  
less r i s k ' o f  losing individual sheets.  

They permit easy sor t ing and arrangement, i f  notes f o r  only one 

For the study of large areas and f o r  
Completed sheets can be f i l e d  

The f i l i n g  system set  up a t  f i e l d  headquarter8 t o  preserve t h e  information 
should be a s  simple as possible and ye t  allow recovery of t he  information . 

when it is  needed. 
the  f i l e s  is needed t o  avoid loss.  

A system f o r  recording Withdrawals of material  from 

I n  ear ly  s tages  of a sumep, a standard f i l i n g  cabinet with a folder  f o r  
each map u n i t  is  suf f ic ien t .  
be kept in binder8 arranged by map un i t s  and taxonomic ~r l i t8 .  
descriptions and notes a re  usually f i l e d  under series name plus 
modifiers, and a separate folder  is provided f o r  notes t h a t  apply t o  the  
series a s  a whole. The mechanics are not important a s  long as notes and 
descriptions a r e  accesrible.  

Alternatively,  description8 and notes can 
b p  u n i t  

As the  survey continuer, addi t ional  fo lders  a r e  usually needed for r o i l  
in te rpre ta t ions ,  various kinds of general information about .the area, 
photographs, and other kinds of notes not d i r e c t l y  re la ted  t o  map uni ta .  
Separate fo lders  a r e  usually made f o r  topics  that w i l l  be sect ions i n  
the s o i l  survey manuscript--geology, vegetation, land use, crop yields ,  
s o i l  s u i t a b i l i t y ,  s o i l  po ten t ia l  ra t ings,  and others  A t  the beginning 
of a sumey, many of these it-6 can be f i l e d  With descr ipt ions of map 
uni t s .  As the surrrey progresse8, haping t h e  information on each top ic  
i n  one place becows irrcreaoingly ureful ,  and the notes a r e  t ransfer red  
t o  individual f i l e s .  

Cross-referencing helps i n  finding notes that include infoxmation on 
more than one subject.  
information on the nature of a map unit and some on the yie lds  of one or 
more crops. 
a reference t o  the  map unit  placed in  the f i l e  on crop yields .  

For e x q l e ,  a given note may contain some 

That note can be placed i n  the fo lder  f o r  the map u n i t  and 

Huch of the  information i n  f i e l d  notes is summarized i n  the descr ipt ive 
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legend. 
sectionr of the r o i l  handbook, Information in the r o i l  handbook and 
descriptive legend i s  readily accersible,  but not a l l  f i e l d  notcr are 
included. Consequently, the Orgind noter a r e  kept on fi le.  

Field notes and information i n  the r o i l  handbook and dcrcr ipt ive legend 
are very useful a f t e r  publication for  evaluation of the r o i l  survey. 
Adequate notes help r o i l  correlation and interpretat ion rpec ia l i s t r  t o  
update an old sumey and may eliminate the need t o  completely remap the 
survey area. 
Microfiche copier are inexpenrive and may be very ureful  t o  technical 
s t a f f s .  

Soi l  Prof i le  Descriptions 

Soi l  p rof i le  description8 arc  bar ic  data i n  811 s o i l  sumeyr. 
provide a major pa r t  of the information required f o r  correlat ion and 
c lass i f ica t ion  of the s o i l s  of an area. They are  errential f o r  
interpret ing s o i l r  and f o r  coordinating interpretat iona acrorr  r t a t e  and 
regional boundaries. 
the parts  of a published survey having' the longest ureful l i f e .  

Field descriptions of s o i l  p rof i les  range from p a r t i a l  descriptions of 
material removed by an auger t o  complete descriptions of pedonr reen in 
three dimensions from intersect ing p i t s  as horizontal laycrr  are removed 
sequentially from the surface downward. Host f i e l d  dercr ipt ionr  of r o i l  
p rof i les  a r e  the former, so care in making them i r  e r r en t i a l .  

Good f i e l d  descriptions should include: 

- 
charecter ie t ics  of slope. 

Field notcr on r o i l  behavior a re  repeated o r  sumnarised i n  

a 
Thir infoxmation can be copied on microfilm o r  microfiche. 

The orginial  paper can then be discarded. 

They 

The s o i l  dercriptionr and the r o i l  oup a l r o  are 

Observed external a t t r i bu te s  of the polypedon, such a8 landfoxm and 

- 
material and the annual requcnce of 8 O i l - W a b t  r a t e r .  

Inferred a t t r i bu te s  of the polypedon, ruch a8 o r i g b  of r o i l  parent 

- 
color, and texture. 

Observed in te rna l  properties of the pedon, ruch a8 horizon th ich ler r ,  

- 
parent material. 

Inferred a t t r ibu te8  of the pcdon, ruch 88 horizon der i lput ionr  and 

- The c la r r i f i ca t ion  of the pcdon the lovert  f e r r i b l e  category. 

- 
terms of landrcape porition. 

The location of the r i te  both reh t ive  t o  geographic lurker r  and in 

- The plant  cover or  uae of the rite. 

- The date,  time of day i f  relevant, and weather conditionr. 
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- The name of t he  describer.  

The degree of d e t a i l  i n  which these a re  recorded depends on whether the  
descr ipt ion is  intended t o  provide a standard f o r  comparison of nearly 
complete sets of propert ies  o r  t o  determine the var ia t ion  of selected 
propert ies  within a taxon o r  map uni t .  

The a t t r i b u t e s  of pedons and polypedons, procedure8 f o r  describing their 
in te rna l  propert ies ,  and standard terminology are described i n  
Chapter 4. 
the  description. 
a l l  propert ies  and a t t r i b u t e s  of a Soil ,  comon descr ipt ive words a r e  
used t o  elaborate.  

Standard terminology is  used 80 that others can understand 
When standard terns are not adequate t o  characterize 

Standard forms f o r  s o i l  p r o f i l e  description8 

Standard forms a re  useful  f o r  recording rome O b r t ~ ~ 8 t i O M  and data 
required i n  a Soi l  survey. 
small space. 
t ions ,  along with some addi t ional  information, are i l l u s t r a t e d  i n  
f igures  75 and 76. 
su i tab le  f o r  a l l  descr ipt ions everywhere a t  any time. 
forms need t o  be modified as more is learned about s o i l s  and the  data 
a r e  b e t t e r  uaderrtood. 

Standard pages o r  fonns can be prepared in d i f f e ren t  sizes t o  f i t  various 
notebooks. 
glare  when used outdoors. 

They permit recording of information i n  a 
Examples of standard fomr used f o r  s o i l  p r o f i l e  descrip- 

These f igures  a r e  examples. No standard form is 
Furthermore, 

Forms pr inted on blue rather than white paper produce less 

A standard form serve8 as a checklist of charac te r i s t ics  t h a t  should be 
recorded. 
reminds them t o  look f o r  a least the l i s t e d  propert ies ,  bu t  observations 
should not s top with the l i s t e d  propcrtfer.  
t o  record the information required by the form and then stop. 
form designed t o  set a minimum on the amount of information recorded 
a l so  tends t o  set a mcrxianm. 
require information beyond that needed t o  complete the form. 

A checkl is t  is especial ly  valurble  f o r  beginners because it 

There i r  a strong tendency 
Thus, a 

However, good roi l  p r o f i l e  descriptions 

Standard forms a re  moot useful for  recording the day-to-day oboemations 
made during mapping. 
pedons. 
e a s i l y  than they can be w r i t t e n  in longhand. Abbreviated notes a r e  8180 
useful i n  recording many observationr d u r i q  f i e l d  reviews rnd when 
transecting. '  For these and s imi la r  puqores, the forma make notetaking 
eas i e r  and lessen the r i s k  of recording an inadequate dercription. 
Complete description8 of pedonr, such 88 thore made when roil8 are 
sampled f o r  spec ia l  r t ud ie s  o r  those of the typ ica l  pedons of 80 i l  
series, a re  U 8 ~ 8 l l y  wr i t ten  i n  longhand 88 block descriptions,  using a 
standard form a s  a checkl i r t .  

Many such note8 are not f u l l  descr5ptions of 
These shor t  note8 can t uua l ly  be made on r rtandard form more 

. Notations on forms.--The small spacer on rtandard forms require t h a t  
abbreviations o r  symbols be used f o r  much of the  information. Words can 
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be used t o  ident i fy  and describe the polypedon; symbols are needed f o r  
in te rna l  propert ies .  
The s p b o l s  and codes used by each s o i l  s c i e n t i s t  should be documented 
e i the r  (1) by defining the individual 's  own notations o r  ( 2 )  by referencing 
a standard document such as  Chapter 4 o f . t h i s  manual o r  t h e  pedon coding 
system used by the  National Cooperative So i l  Surpey. This should become 
a permanent record of the survey area so that the information can be 
correctly interpreted by others. 

Many d i f fe ren t  standard notations have been used. 

a 
The most serious e r r o r  i n  using standard symbols i s  using a symbol w h e n  
it i s  not f u l l y  appropriate. Additional notes a r e  needed t o  supplement 
symbols t h a t  do not convey the  f ac t s  completely and accurately.  
e r ro r  i s  the introduction of individual var ia t ions  in use of the standard 
symbols. This complicates use of descriptions by others  and can defeat  
the purpose of standard terpinologg. Standard notat ions are u e d  exact ly  

Another 

. as  defined. 

Pedon descriptions i n  abbreviations and symbols can be converted t o  
narrative form a t  f i e l d  headquarters. 
f a c i l i t i e s  a r e  avai lable ,  the  narrat ive can be d ic ta ted  from the f i e l d  
notes and typed i n  block form. 
descriptions d i r ec t ly  from standard forms, bu t  the scientist  should 
check the descriptions.  

If  recording and t ranscr ib ing  

mists can t ranscr ibe  na r ra t ive  

Computer-readable forms--for recording s o i l  descr ipt ions can save time 
and money. 
such as the  pedon coding system, are  overprinted on the foxm r o  t h a t  the 
user has only t o  mark the  provided space with a s o f t  penc i l  t o  record a 
given feature.  After the forms have been completed, they a r e  placed in 
a reader which automatically t ransfers  t he  marked data  t o  magnetic tape. 
The taped data a r e  t ransferred t o  computer storage and a r e  converted t o  
the codes and fonnat of the pedon coding system. The computer can print 
descriptions o f  pedons in block form from the s tored  data.  

The codes fo r  the  forms, adaptated from a nota t ion  system 

@ 

Field use of this technique may be hampered by condition8 that a f f e c t  
the qual i ty  of the form f o r  automatic reading. However, the techfdque 
s t i l l  has advantages even when the data col lected in the f i e l d  must be 
t ransferred t o  the  form i n  the  off ice .  

I .  Block decriptions of pedono 

Comparisons among s o i l s  and v i th in  a pedon are most e a s i l y  made from 
columnar descriptions t h a t  use similar  6ymbOl8 and  abbreviation^. 
descriptions usually give dominant color,  texture ,  mottlinQ, structure, 
consistence, roots ,  pores, addi t ional  fea turer ,  reaction, and horizon 
boundary. 

Columns of symbols and abbreviations a re  useful  mainly t o  s o i l  r c i e n t i r t s  
o r  researchers. 
s o i l s  and the  system. 
need narrat ive description8 of typical  pedona, pedonr s m p l t d  f o r  spec ia l  

The 

Conventions fo r  describing each of these a r e  given in Chapter 4. 

They can also  be understood by others  f ami l i a r  vitb the 
To understand the s o i l s ,  however, most people 

,. . . . ,  . .  
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r tud ier ,  and other  pedons t h a t  help in defining taxa. Dercriptions 
recorded 18 abbreviations and 8ymbOh w i l l  need t o  be converted t o  
words. 
description" (see t yp ica l  pedon of H i a m i  s e r i e r  in Appendix 4). 

A standard format fo r  narrat ive r o i l  descriptionr i r  the "block 

Haps and references 

The selection of a mapping base f o r  a s o i l  surrrep i s  dircurred in Chapter 3. 
Some of the kinds of reference maps useful fa conducting a 80 i l  survey 
a r e  mentioned also.  Much geographic information per t inent  t o  s o i l  
survey work is avai lable  on m p s  published by var iow publ ic  and pr iva te  
organizations. Mapr dealing w i t h  climate have been prepared in t he  pas t  
by the Weather Bureau and more recent ly  by i t 8  succesror in the National 
Oceanic and Atqaospheric Administration. a p s  rhowing surface geology 
and bedrock geology arc prepared by the U.S. Geological Survey, s ta te  
geological surveys, and various other s t a t e  agencies, including some 
univers i t ies .  
overprints showing pa t te rns  of vegetation. 
vegetation, land use, and long-range zoning o r  land-we planning a r e  
available.  

Topographic maps a r e  avai lable  f o r  most areas;  some have 
For 80- areas,  maps rhowing 

Hany reference maps a r e  large and should be f i l e d  without folding. 
plan f i l e  o r  map f i le  l a rge  enough t o  accommodate them can be purchased 
o r  improvised. 
The f i le  should have a systematic index so that mapa can be fouud readily.  

The s o i l  survey f i e l d  sheets  can normally be stored in a regular  let ter 
f i l e .  Atlas-size sheets  need legal-s ize  o r  l a rge r  filer. Individual 
a e r i a l  photographs can be f i l e d  by f l i g h t 8  which can be reparated by f i l e  
indexes. The index map t o  f i e l d  sheets  is  a p a r t  of this f i l e .  Some 
care  is required in f i l i n g  and handling completed f i e l d  rheets t o  avoid 
cracking the photographic emulsion o r  abrading the inked boundaries and 
symbols. 
from f i r e ,  loss ,  and theft. 
they a re  completed, and the pr in t8  o r  negatives stored where a fire 
cannot destroy both the reproductions and the originalr .  

A 

A simple f i l e  made from hardboard o r  plywood i8 adoquate. 

The f i l e  and the completed f i e l d  sheets should be protected 
Field sheets can be photographed a8 soon as 

During a s o i l  sumey, a subatan t ia l  number of references ore'accumulrted. 
One of the  f i r s t  a c t i v i t i e s  of t he  survey par ty  is  i ~ 4 8 a ~ b l i n g  a l is t  of 
the  available reference mater ia l  about the survey area and its S O i 1 8 .  
This l i s t  is updated during the survey. S o w  of the documents Can be 
housed i n  the s o i l  survey of f ice ;  others  a re  avai lable  only in l i b r8 r i e r .  

During the rumey, inter im document8 may be generated; these a l s o  become 
references. 
standard t ex t s  and reference workr. By the time of f in81 preparation of 
the  manuscript f o r  publication, a subs tan t ia l  amount of reference 
material  w i l l  have been accumulated and should be readi ly  accesr iblc .  

The f i e l d  pa r ty  members need access t o  certain general 

Over 120 l i t e r a t u r e  data  bases, covering v i r t u a l l y  every f i e l d  of 
science and technology, a r e  avai lable  through the  National Agriculture 
Library and comer ica l  information systems. 
prepared from the  data bases fo r  spec i f i c  research problemr, o r  general 

Bibliographies can be.  
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bibliographies can be prepared for  several  subjects in a selected geo- 
graphic area. A data base is  searched through an in te rac t ive  computer 
terminal connected by telephone t o  the information system computer. 
Using selected search terms and codes, t h e  operator examines the e n t i r e  
data base, select ing data sets and narrowing them from general qo, specific.  
The retrieved c i ta t ions  can be printed online, which i s  f a s t e r  f o r  ehort 
lists o r  o f f l i ne ,  which i s  more economical fo r  long lists. 

0 

Photo graphs 

Photographs can i l l u s t r a t e  w o r t a n t  points about s o i l  i n  s o i l  survey 
reports,  s c i e n t i f i c  journals, textbooks, and periodicals.  
parencies a r e  idea l  for  s l i d e  presentations and color publ icat iom. 
Good photographs provide records and reference sources of basic  s o i l s  

Color trans- 

. information much a s  f i e l d  notes do. 

Photographs t h a t  include a scale  are  useful i n  estimating V O ~ I ~ P K ,  area,  
or  s i z e  d is t r ibu t ion .  Comparison of coarse fragments in a s o i l  against  
photographs of known quant i t ies  of coarse fragments enables making 
re l iab le  estimates. Similar photographic standards can be used t o  
estimate volume o r  size of nodules and concretions, mottles, too t r ,  
pores, and rock fragments. 
be used i n  estimating area or  special  arrangement of surface features  
and land use. 

In l i ke  manner, photographic r tmdardr  can' 

Equipment f o r  f i e l d  use.--Cameras su i tab le  f o r  So i l  survey documentation 
inc lude  the  35-rmp single-lens reflex,  the 2-1/4 twin-lens reflex, and 
t h e  4x5 "press" camera. Polaroid cameras have proved very uaeful f o r  
recording and documenting information fo r  i m e d i a t e  and future  reference. 

A t r ipod is  necessary, especially a t  shut te r  speedr below 1/50 recond. 
Use of a t r ipod reduces camera movement and enables the photographer t o  
concentrate on composition and focus. 

Certain other  items of f i e l d  equipment a r e  necersary f o r  good picturer  
of s o i l  p rof i les .  
A scale  t h a t  does not contrast  great ly  w i t h  the Soil ,  Such 88 8n 
unvarnished and unpainted vood ru le  o r  a brown o r  khaki c lo th  tape, 5-m 
by 1.5 m, can be used effectively.  
5 O - c m  in te rva ls ,  large t icks  a t  10-ca intervals ,  and small tick8 8 t  5-Cr 
in te rva ls  complete the scale. 

e 
- 

A sca le  t o  indicate depth or thicknear is wortant. 

Large black o r  yellow f igurer  a t  

A sma l l  spatula,  kitchen fork, or,narrow-bladed knife i r  useful for  
dressing the s o i l  p rof i le .  
a tire pumpaid in cleaning duat from peds. 
moisten the pro f i l e  where necesrary. 

Photographing s o i l  profiles.--Careful planning is  essent ia l  f o r  obtaining 
high-quality photograph8 of r o i l  profiles.  
selected on a road cut  o r  borrow-pit,face o r  i n  an area where 8 p i t  c8n 
be dug large enough for  adequate l ight ing of a l l  horizonr and f o r  the 
camera t o  be 1-1/2 t o  2-1/2 m from the prof i le .  
should be oriented so t ha t  when the picture  is  taken the maximum amount 
of l i g h t  w i l l  s t r i k e  the prepared face a t  the proper angle. 

Several paint  brusher of varioru vidtha and 
A sprayer can be uaed t o  

A r ep resenk t ive  r i te  i n  

The p i t  o r  cu t  face 
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The p r o f i l e  w i l l  need t o  be properly dressed t o  bring out s i g n i f i c a n t  
con t r a s t  i n  s t r u c t u r e  and co lor  between the s o i l  horizons. Beginning a t  
t h e  top,.fragments of t he  s o i l  can be broken off with a spa tu la ,  kitchen 
fork ,  o r  sma l l ' bn i f e  t o  e l imina te  digging marks. 
can be brushed o r  blown away. 
it with a hand sprayer i s  he lpfu l  i n  obtaining uniform moisture content 
and con t r a s t .  

Dust and small fragments 
Hoistening the  whole p r o f i l e  o r  p a r t  of 

Every p r o f i l e  should be photographed th ree  o r  four times with d i f f e r e n t  
aper ture  s e t t i n g s ,  angles of l i g h t ,  o r  exposure times. Notes should be 
made immediately a f t e r  each photograph is taken t o  record loca t ion  and 
da te ,  complete desc r ip t ion  of the subjec t ,  time of day, amount and angle 
of l i g h t ,  camera s e t t i n g ,  method of preparing t h e  p r o f i l e ,  and o t h e r  
f a c t s  t h a t  w i l l  not show i n  t h e  photograph. 
t h e  photograph can be used, good notes provide information f o r  improving 
technique. 

Besides adding t o  t h e  way 

Photographing landscapes.--landscape photographs i l l u s t r a t e  important 
r e l a t ionsh ips  between s o i l s  and geomorphology, vegetation, or management. 
They should be clear, be i n  sharp focus, and have good cont ras t .  
Photographs t h a t  are r ep resen ta t ive  of t h e  area being mapped are  t h e  
most usefu l ,  but they a r e  usua l ly  d i f f i c u l t  t o  amke i n t e re s t ing .  

The most *ortant th ing  i n  landscape photography is l igh t ing .  
p i c t u r e s  a r e  made a t  a time of day and during t h e  time of year when t h e  
sun l i g h t s  t h e  scene from t h e  s ide .  
l i g h t i n g  separa te  p a r t s  of t h e  landscape and give t h e  p i c t u r e  depth. 
Photographs taken a t  midday o r  w i t h  d i r e c t  f r o n t  l i g h t i n g  lack  tona l  
gradation and, t he re fo re ,  appear f l a t .  
days a r e  unsa t i s fac tory  f o r  t h e  same reason. 
should be used t o  gain maximum depth of focus. 

The b e s t  

The shadows crea ted  by t h i s  
' 

Photographa taken on overcas t  
A small enough ape r tu re  

A good photograph has one primary po in t  of interest. Objects that 
c l u t t e r  t he  photograph-utility poles,  poorly maintained roads and 
fencer,  s igns ,  vehic les ,  and personal item8 placed t o  show 
scale--detract  from the main poin t .  
i n  t h e  center  of the photograph. The "pule of th i rds"  f o r  composition 
i s  used by looking a t  the scene through t h e  viewfinder and v i s u a l i z i n g  
t h e  image area  divided i n t o  t h i r d s  both hor izonta l ly  and vertically. 
The cen te r  of interest is placed a t  one of the f o u r  po in t s  where these 
l i n e s  i n t e r s e c t .  The image should contain no more than one-third sky, 
and the camera must be kept level with the horizon. 

The po in t  of interest should no t  be 

If a l l  photographs are taken from the eye level of a person standing, 
t h e  r e s u l t s  are boring. 
on a ladder,  a top  a c a r  o r  low building--result  in 8 b e t t e r  s e l e c t i o n  of 
photographs. 

A variety of angles-from 8 h e e l i n g  pos i t i on ,  

Close-up photographx.--Many s o i l  f ea tu re s  can be photographed a t  close 
range: peds, pGree, roo t s ,  rock fragments, krotovinas, mottles,  
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concretions, organisma. The technique f o r  photographing object8 a t  very 
clore range ir called photomicrography. 

The minimum focuring dirtance for  mort camera8 used in the f i e l d  i r  ruch 
tha t  small features can be photographed. Short dirtancer require a much 
rmaller aperture re t t ing  and, conaeqwntly, a rlower rhut te r  rpeed t o  
enrure adequate depth of focus. 

0 
Hicrolenser are  available f o r  35-nm c81nerar. 
ar clore as about 4 incher. 
55 nm and can be ured for  general photography 88 well. 
f o r  conventional lenrer are a v a i h b l e ,  but there do not alvayr give 
professional resu l t r .  

There lcnrer  permit  focuring 
They ~ 8 ~ 8 1 1 ~ ~  have a focal  length of 50 t o  

Cloreup att8cbmentr 

As wi th  landscape photography, the l igh t ing  angle i r  important in close 
’ work. Direct f ront  l igh t ing  destroys texture ,  reparation, and contrar t  

i n  the photograph. 

Photographing clay skins and other minute r o i l  features  requires special  
equipment and techniques of photomicrography that a re  outside the range 
of this manual. 4 

Fil ing and care of negatives and prints.--A f i l e  rystcm similar  t o  that 
used for  f i e l d  noter is  helpful. 
the s o i l  survey can be related t o  a taxonomic un i t  o r  map unit and f i l e d  
by series. 
ure of photographs with the l e a s t  e f fo r t .  
organized i n  the same way as f i l e r  of notes. 
w i th  each p r i n t  i n  individual envelope8 f o r  protection. 
an appropriate size with dividers a re  r a t i r f ac to ry  fo r  storage. 

Color 35-m transparcncier can be f i l e d  in c lea r  vinyl  pages, 22 by 28 an, 
with pockets for  individual s l ider .  
binders, appropriately divided. 
a quick search of the f i l e .  

A l l  photograph8 and negative8 rhould be kept in 8 cool area i roloted 
from chemicals and cleaning materiala. 

Most photograph8 taken i n  support of 

A subject card f i l e  w i t h  crors-reference8 permit8 the grca tcr t  
Photogr8phic files should be 

NegatiVe8 can be f i l e d  
Card f i l e r  of 

’ c 
There p8ger 8re kept i n  thrcc-ring 

Pager can be held to a l ight rource f o r  

Automatic data processina 
\ 

A large amount of many Linda of dat8 u r e  col lected on a r o i l  survey. 
How t o  handle accumulated data t o  make f u l l  w e  of them alwayr i r  a 
problem. A powerful too l  for  dealing With th i8  problem i r  autom8tic 
data processing (ADP) uring computers, minicomputer8, mic roproc~a~ors ,  
and word processing equipment. ADP maker porr ib le  timely rumar i e r ,  
comparisons, and analyser that otherwise would be impractical o r  hpO88ibh.  
It enables frequent and inexpen8ive updating of long l i r t r ,  ruch 88 
lists of Soi l  aerier fo r  s t a t e r ,  regions, o r  the entire nation, in any 
order or sequence. Such rur~mrrier can provide information t o  guide 
important policy decisiono. 
computations. 

ADP CM quickly perfsrm rout inr ,  time-conrunring 
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ADP is  now widely used i n  s o i l  surveys and i ts  use is  expected t o  increase 
great ly .  
they need t o  know the fundamenta1,s of chemistry, botany, geology, 
mathematics, economics, and other  subjects t ha t  support the work of s o i l  
survey. 
ADP can be used f o r  many s o i l  survey tasks,  but this is  not t o  say t h a t  
it should be used f o r  a l l  of them. Before any decision is made t o  use 
ADP, an objective study--systems analysis-is needed t o  determine what 
combination of equipment, personnel, and other factors  i s  most useful  
and economical. Any new system t o  be used must take in to  account the 
compatibil i ty w i t h  rystems used by cooperating agencies t o  handle s o i l  
surpey data and re la ted  physical and environmental data.  
combinations of computers, storage media, input-output devices, 
communications f a c i l i t i e s ,  8nd so f o r t h  a r e  possible. 

Soi l  s c i e n t i s t s  need t o  know the  fundamentals of ADP j u s t  as  

Li te ra ture  on t he  fundamentals of ADP is  readi ly  available.  

Many 

Even a f t e r  an ADP system has been designed and implemented, study 
continues. ADP technology is changing rapidly, and new equipment and new 
procedures a re  appearing constantly. Possibly an ex is t ing  system can be 
improved o r  can be replaced by a b e t t e r  system. 
gained, goals may a l s o  change t o  use the  data more fu l ly ,  o r  they may 
change for  reasons unrelated t o  ADP. 

The use of  ADP is l ikely t o  be j u s t i f i e d  i f  the volume of data  t o  be 
processed is la rge  or i f  many operations a r e  needed, regardless of the  
volume of data. 
t o  warrant the use of ADP: 

As experience is 

The following clas8es of data appear t o  be la rge  enough 

1. Field descr ipt ions of pedone. 

2. Results of laboratory 8Mly8e8. 

3. Geographic data  about s o i l s  ( s o i l  mapr). 

4. Off ic ia l  descr ipt ions of .  series. 

5 .  Interpret ive d8t8, including the interpretat ions already made and 
research r e su l t s  8nd experience from which new or improved in te rpre ta t ions  
can be made. 

6. Status ,  type locat ion,  acreage mapped, and placement i n  S o i l  
Taxonomy f o r a a c h  s o i l  aeries. 

7. Administr8tive d8t8 on r o i l  rurveyr (size, location, popuht ion,  
relevant d8ter, ctc.) 

.. . 

8. Sections of ~ n u s c r i p t r .  

ADP can manipuhte d8t8 in many ways. 
l i k e l y  t o  be needed i n  d i f f e ren t  combinations, the  fundament81 appl icat ion 
i s  l i k e l y  t o  be data storage and r e t r i eva l .  
p rec ise ly  and consis tent ly  defined records be entered in to  some medium 
readable by computers and arranged i n  cataloged f i l e s .  These f i l e s  of 
s o i l  records a re  a s o i l  survey data bank. 

Because most of t h e  data a r e  

Such a system requires  t h a t  

Data banks can be kept a t  
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more than one loca t ion ,  depending on needs and f a c i l i t i e s .  Also, s o i l s  
data can be entered i n t o  the  banks a t  more than one location. A uniform 
coding system i s  e s s e n t i a l  so t h a t  t h e  da ta  i n  t h e  banks w i l l  have a 
cons is ten t  format. 
sharing of data and of t he  computer programs used t o  manipulate the 
data .  

After t he  s o i l s  information has been sys temat ica l ly  entered i n t o  the 
data bank and the  necessary equipment and operating in s t ruc t ions  have 
been organized, t he  da ta  a r e  ava i lab le  f o r  many kinds o r  operations.  
Computer programs (software) must be developed i f  they do not  a l ready  
exist. Software development i s  usua l ly  t h e  moat expensive and 
time-consuming aspect of da ta  processing. 
can reduce the  amount of software needed. 
appl ica t ions  an t i c ipa t ed  f o r  s o i l  surveys follow: 

@ 
A uniform coding system permits d i r e c t  t r a n s f e r  and 

A good da ta  management systCpl 
Some examples of important 

* 

1. Hany kinds of questions can be answered: What kinds of s o i l s  have 
c e r t a i n  sets of proper t ies?  What kinds of s o i l s  a r e  mapped i n  spec i f i ed  
l o c a l i t i e s ?  What s o i l s  w i l l  produce corn y i e l d s  of more than 100 b w h e l s  
per  acre  under management system B? 

' 
2. S t a t i s t i c a l  s tud ie s ,  p a r t i c u l a r l y  mul t ip le  co r re l a t ions ,  can be 

made f o r  many purposes. Among these  a r e  t h e  t e s t i n g  of c r i t e r i a ,  such 
a s  the  numerical limits of values i n  S o i l  Taxonomp; determining w h a t  
soil proper t ies  observable i n  the  f i e l d  c o r r e l a t e  w e l l  with labora tory  
r e s u l t s ;  and determining w h a t  observable s o i l  p rope r t i e s  reliably i n d i c a t e  
s o i l  behavior. 

3. Many kinds of summaries can be prepared by ADP, ruch as ruummries 
of i n t e rp re t a t ions  by s o i l  families, o r  phases of  r o i l  f a m i l i a ,  rrubgroups, 
and so on; summaries of the acreage of kinds of S o i l  i n  I - t C S ,  drainage 
basins,  o r  o ther  geographic arcacr; and sumaries of the number and area 
of s o i l s  having se lec ted  f ea tu res ,  such a8 8 f r a g i p m .  

4. Tabular material  can be arranged and p r i n t e d  o u t  f o r  r o i l  r w e y  
manuscripts and other report8. Text tJut is repeated in publirhed 
surveys of a given s t a t e  or region can be s to red  in f in i shed  form. 

5.  Lists,  such as the c l a s s i f i c a t i o n  of soil series, can be s to red  
and e a s i l y  updated. 

6. In t e rp re t ive  maps can be p r in t ed  on demand. This i s  likely t o  
become an increasingly valuable appl ica t ion  f o r  r o i l  management and land 
use planning. 

Additional examples could be c i t e d ,  and as  experience with ADP is gained, 
many addi t iona l  appl ica t ions  w i l l  become apparent. 
improve the  qua l i t y  of the data .  
f i r s t  place. 

. .  

However, ADP cannot 
Bigh-quality da ta  mwt be used i n  the 

Users of ADP outputr need t o  be made aware of the r e l i a b i l i t y  
.and accuracy of t h e  o r i g i n a l  information. 

9-13 

(43O-V-SSH,  August 1982) 



Making information avai lable  

The infornution asrcmbled i n  a s o i l  survey i r  public property. The 
survey par ty  ha8 an obligation t o  make the information avai lable  as 
quickly as possible.  
i s  a medium through which t h i s  i s  done. Also information i r  8s8imilated 
and made avai lable  during the  r o i l  survey. Coaputer data banks of basic  
s o i l  survey data are a lso  public property and arc ava i lab le  t o  workers 
i n  s o i l  research and land use management. 

The published s o i l  survey (described i n  Chapter 12) 

Demands on the time of the  r o i l  survey par ty  a r e  large. 
obl igat ion is t o  complete the f i e l d  investigation8 and 8ssemble the 
information f o r  f i n a l  publication. Over the long run, they w i l l  reme 
more people b e t t e r  by completing t h a t  function 81) quickly as possible.  
The public,  however, sometimes has compelling need8 of the mutent fo r  
the information. 

Their f irst  

While f i e l d  work i s  i n  progress, the survey par ty  has an obl igat ion t o  
provide information of confirmed r e l i a b i l i t y  t o  rome groups and individuals.  
The s o i l  survey work plan should provide reasonable time for such spec ia l  
services.  
i n  this chapter make t h i s  f a c t i o n  eas ie r .  

The techniques f o r  s tor ing  and re t r iev ing  information described 

The descr ip t ive  legend and s o i l  handbook, along w i t h  the completed f i e l d  
sheets ,  are the primary reference m t e r i a l s  While the survey i8  in 
progress. 
the  soil maps and describes the  s o i l s  they reprerent. 
f i e l d  par ty  and d i r e c t s  t h e i r  operations, but  it i r  8180 the primary 
reference about the ptopcr t ic r  of r o i l s  i n  spec i f ic  placea f o r  which the 
public may need infoxmation. 
descr ipt ive legend together provide a ready reference about the kinds of 
s o i l  and their basic  propert ies  where mapping ha8 been done. A8 the 
survey progresses, v a r i o u  kind8 of  in te rpre ta t ions  a re  made f o r  the 
s o i l s  of the area. These a r t  assembled with the descr ipt ive legend i n  a 
more comprehensive document, the r o i l  handbook, which gradually becomes 
a preliminary d r a f t  of the published r o i l  survey. 
i n  progress, the handbook is avai lable  t o  technician8 vho apply r o i l  
surpey information; through them the  information is avai lable  t o  the  
general public. 
have accerr t o  the r o i l  handbook. 

The descr ipt ive legend iden t i f i e r  the symbols that  appear on 
It informs the 

The completed f i e l d  sheet8 8nd the 

While t he  survey i r  

The s t a f f r  of a11 of the cooperating agencier should 

The survey par ty  coumonlp receiver requertr  t o  prepare interpretative 
map8 and t e x t  f o r  spec ia l  purporer while the rurvey i r  8 t i l l  in progrcrr.  
For example, a town planning board may ark that i t 8  township be completed 
and a rpec ia l  in te rpre ta t ive  report  be made f o r  their use. 
a re  time conruu~ing and cost ly.  If provided, spec ia l  8crviccr rhould be 
l i s t e d  i n  the s o i l  aurvep work plan with appropriate allowancer of time 

. and arrangement8 f o r  financing. Properly planned, there rpec ia l  re rv icer  
can be a very important p a r t  of the r o i l  survey, though they e n t 8 i l  
consideration of t he  problems inherent i n  d i a ran imt ing  infornut ion 
before soils data are complete. 

There rervices  

. 
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Even though the published s o i l  survey i s  the  pr inc ipa l  medium fo r  
disseminating s o i l s  information, it cannot include detai led interpre- 
ta t ions  fo r  a l l  of the  various uses of s o i l s .  Some special  interpre- 
ta t ions  must be made a f t e r  t he  s o i l  survey has been published. 
published s o i l  survey is  the  repository fo r  .the basic  data on which the 
various agencies depend i n  making special  in te rpre ta t ions .  

@ The 

The s o i l  survey a l so  produces data that a r e  of interest primarily t o  the  
s c i e n t i f i c  community. Such r e su l t s  a r e  published i n  a var ie ty  of forms, 
commonly under the authorship of an individual o r  a group. 
as general a r t i c l e s ,  bu l l e t in s ,  and a var ie ty  of processed releases.  
Many a re  products of special  investigations (Chapter 8); 
i n  s o i l  survey a r t  obligated t o  make such data ava i l ab le  t o  other s c i e n t i s t s .  

They appear 

Those who work 

A s o i l  survey commonly draws on the  data, and experience of experts in 

f i e lds .  
supporting data and assis tance and c i t e  published material  from which 
interpretat ions have been drawn. The contibutions of individuals who 

. .o ther  discipl ines ,  including d i r ec t  collaboration of scientists i n  other  
Any release of information should acknowledge the  source of 

have collaborated must be acknowledged.. 
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Chapter 10 

W.intaining Standards in Soi l  Survey 

Individual s o i l  murveym a r e  made t o  u t i m f y  loca l  objectives.  In addi t ion,  t he  
information 88sembled about s o i l s  of each area can be extended t o  similar kinds of 
s o i l s  elrevhere.  

The party leader  re8ponrible fo r  a sumey t m d s  t o  divide the  s o i l  continuum i n  A 
vay t h a t  best  reveals relat ionahips  from the  loca l  perspective. 
a r e  consis tent  v i t h  work in other areas may both reveal  the  loca l  re la t ionships  and 
permit be t t e r  t r ans fe r  of t he  information t o  and from other  areas.  
responsible f o r  s o i l  c lass i f ica t iOn and cor re la t ion  over la rge  arras, 8uch as a S ta t e  
o r  a region, divides  the  continuum i n  vays tha t  reveal  re la t ionships  from a broader 
perspective. 
l oca l  needs. 
together t o  s a t i s f y  10~81, regional,  and ru t iona l  objectives.  

Other d iv is ions  t h a t  

A s o i l  s c i e n t i s t  

Usually, not a11 loca l  circumstances a r e  kaovn w e l l  enough t o  an t i c ipa t e  
Local moil s c i e n t i r t s  and those v i t h  broader perspect ive mu8t w r k  

Field revievs he lp  party le8derr  solve problans and produce high qua l i ty  s o i l  
The process of cor re la t ion  enrures t h a t  kinds of moil and associated map surveys. 

un i t s  a r e  defined, c h s a l f i e d ,  named. and in te rpre ted  conri8tent ly  among s o i l  surveys. 
Records and de f in i t i ons  of s o i l  taxa u e  kept 8s rrrtiomride standards f o r  ident i fy ing  
and naming kinds of so i l s .  

F i e l d  Review 

Reviws of s o i l  sunteys a r e  made in t he  f i e l d  by rupervi8ory s o i l  s c i e n t i s t s  t o  

Field r e v i m  perform t h i a  f m c t i o n  €or 

help par ty  leaders maintain standards tha t  are both adequate f o r  the  object ives  of t he  
eurvey.and conriatent  with those of other  8umey8. 
sions of one parson be confirmed by o t b r s .  
s o i l  surveyr. 

Every science require8 t h a t  conclu- 

In  a f i e l d  revlev, supervisory s o i l  scicatistr of one or more of t he  cooperating 
agcnciea go t o  the  survey area .nd w r k  with the  par ty  leader  and the  mtaff. 
revieu conclusions that have been reached and decision8 t h a t  have beem made. 
vork v i t h  the  par ty  leader  to decide on adjuatmaxts that may be needed la legends and 
other  technical  aspect8 of t he  uork. They axemine umples  of tb fieldwork of par ty  
members f o r  a o i l  ident i f ica t ion ,  pl.c.nmt of bouad.ries, and m p  d e t a i l  in r e h t i o n  
t o  survey object ives;  and they 8dvise the  par ty  leader  .nd other  member8 of the  par ty  
on vays t o  a t t a i n  mapping of good quality.  They help the par ty  1ead.r molve problenu. 
"hey reviev the  iden t i f i ca t ion  legend, descr ip t ive  legend, 88d supporting da ta  t o  keep 
c l a s s i f i ca t ion ,  nomenclature, and io te rpre ta t ions  consis tent  v l t h  r u r ~ e y s  of o ther  
areas.  They a180 rev1.v 4 t h  the par ty  leader  and t he  local adminis t r8tors  problems 
re la ted  t o  management and scheduling of the work and 8dvi8e them about b p r w e m m t r  
tha t  may be needed. 

They 
They 

I h a  repor t  of a f i e l d  rw1.y 1. a record of tha current atatus of fieldwork, 
obremation8, c o n c ~ w l o p ~ ,  and r a c ~ d e d  actions.  
f o r  t he  f i e l d  party,  and it 18 a guide to mAn8gemmt f o r  f o u l  Jdmlnistrators.  

It I8 a guide to  fu ture  operatiorr8 
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Par t ic ipa t ion  i n  f i e l d  reviews var ies  according to  t h e  s t a t e  of progress of the  
s o i l  survey, t h e  survey object ives ,  t h e  cooperating agencies, and other  factors .  A 
r e a l i s t i c  balance is needed between t h e  number of people who can contr ibute  and the  
number t h a t  can vork e f f ec t ive ly ;  if the number par t ic ipa t ing  exceeds f ive  o r  six, t h e  
e f f ic iency  of the  rwiew is usual ly  reduced. 
supervisory s o i l  s c i e n t i s t  fram one of the pr incipal  cooperating agencies are e s s e n t i a l  
par t ic ipants  i n  every f i e l d  revlev. A reprementative from arch of the cooperating 
agencies should pa r t i c ipa t e  in a t  h a r t  some of t h e  f i e l d  rcvievs. 
s c i e n t i s t s  of t h e  Federal agency and the  pr inc ipa l  cooperating State agency sometime8 
div ide  the  workload so that one o r  the  other  conducts r ev im8  that do not requi re  the  
a t t en t ion  of both. 

The r o i l  8urvep par ty  leader  and a 

SuPervi80?7 .oil 

Members of t h e  f i e l d  par ty  pa r t i c ipa t e  in wit f i e l d  r e v i m .  Their experience 
i n  the  area contr ibutes  much. and the discussions during the revicv are r & l u ~ b l e  t o  

t h e  revlev d i r ec t ly  r e l a t ed  t o  t h e i r  vork. 
' them i n  t h e i r  subsequent f i e ldwrk .  Some soil S C i e U t i r t 8  par t i c ipa t e  in the  par t8  of 

In  addi t ion t o  the  s o i l  scientist8. spec ia l i8 t8  from other  d l8c ip l ines  a r e  needed 
on some f i e l d  reviews. 
fo re s t ,  and range can make usefu l  conttibution8. 
geologis ts .  and geomotphologistr can help in many areas. 
s p e c i a l i s t s  can provide useful  inforumtion on yield8 and prac t ices  for f i e l d  and 
hor t i cu l tu ra l  crops. 
survey a l s o  pa r t i c ipa t e  i n  decisionr.  Their concern f o r  we8 of the  8UrVag provide8 
perspect ive f o r  decis ionr ,  and t h e i r  u p e r i e n c e  during the r e v i m  contr ibute8 t o  
e f f e c t i v e  use of t h e  i n fomat ion  vhen it become8 available.  P h l l y ,  8 f o c a l  8dmin- 
i s t r a t i v e  o f f i c e r  of t h e  Federal  cooperator par t ic ipa tes  t o  provide admla i r t ra t ive  
support and direct ion.  
the o f f i ce .  Others should at tend the reviev in the  f i e ld .  

In  some areas, people skiillad in ro i l  m8Mgament f o r  crop.. 
Engineerr. p l a n t  taXOnomi8f8. 

Local fanner8 and extension 

Representative8 of State and loca l  ageacier t ha t . uae  the  8oii  

Some spec ia l i s t8  pa r t i c ipa t e  most e f fec t ive ly  by conference in 

Every s o i l  survey needs an i n i t i a l  f i e l d  r w i c v  at the  8tart of f i e l d w r k  and a 
f i n a l  f i e l d  review when fieldwork i r  completed. 
a r e  needed fo r  most survey8 vhile the work Is und8nray. 
t i v e  i n  a l l  r ev iew;  however. the  elements of the  rurvey that need rpec ia l  a t t en t ion  
a r e  d i f f e r e n t  a t  d i f f e ren t  rtage8. 

I n i t i a l  f i e l d  review 

One o r  more proares8 f i e l d  review8 
Quality cont ro l  is an o b j e r  

The i n i t i a l  f i e l d  reviev at  the beginning of a r o i l  sumey insure8 that legend8 
and other  vorking docmcnt8, suppl ies ,  and equipment ate adequate rad that object ive8 
and concepts a r e  understood by t he  par ty  leader  and the f i e l d  r t a f f .  
f i e l d  review sets the  standard f o r  conducting the  8urvey. 
t he  pr inc ipa l  cooperating agaicie8 par t ic ipa te .  

The i n i t i a l  
Repre8antative8 of all of 

Before the  initial f i e l d  r8vI.y. a roil N n e y  work p h n  def in ins  object ive8,  
the kind of survey, and map 8cale ha8 been prepared .ad appr0Vtd by a11 cooperatin8 
agencies. 
v i t h  it and h.8 a88mbhd and r e v i m d  the ffi8tint informafAoa about the ate8 and 
Its soils. 
proper t ies  t o  l andrcapu .  h tentative i den t i f i ca t ion  legend a d  infomatioa fo r  t he  
descr ip t ive  legend have been a88mbl.d. 
mapping sample area8. 
the ranges of important roil propert ier  within the m08t important k h d 8  of mppable  
s o i l  a reas  and about t he  kind8 and munt8 of ~ p p i ~ g  inc1urion8. Surface fea tures  
and kinds of vegetation that provide clue8 t o  kind8 of 8011 bouodarie8 h.Ve been 
ident i f ied .  Needs f o r  equipment, S U p Q l i 8 8 ,  and bare m8p8 have been datemined 8nd 
a t  l e a s t  pa r t ly  sa t i s f i ed .  The rtaff f o r  the  f i e l d  par ty  h 8  been a88igned. and 
some members may have s t a r t e d  w r k .  

The par ty  le8d.r ha8 worked io the  a r u  Ion8 enouuh t o  kc- fami l ia r  

Preliminary s tudla8 h v e  k e n  made that 8hW the r e l a t i 0 ~ 8 h i p  of roil 

The mappin6 legend h.8 been tested by 
Information ha8 been accumulated f o r  W n g  judgment8 about 
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having a d r a f t  of the  descr ipt ive legend avai lable  t o  a l l  members of the f i e l d  par ty ,  
if one has not already been prepared. 
t ions  and in te rpre ta t ions  for  established soil se r i e s  i n  the area a r e  ava i lab le  t o  the  
f i e ld  party and tha t  descr ipt ions and in te rpre ta t ions  of t en ta t ive  series have been 
prepared. A l l  of these matterm a re  important, but none ir more imporcant than the  
adequacy of the  ident i f ica t ion  and descr ipt ive legends. 
f i e l d  review i n  normally mpent on these legends, fo r  the qua l i ty  urd urefulness  of the  
survey depend on them. 

The i n i t i a l  f i e l d  review appraises these preparations. A time l i m i t  is 5 e t  f o r  

The review team insures  tha t  the  l a t e s t  descrip- 

A major pa r t  of the  i n i t i a l  

. 
The review team goes into the  f i e l d  and tests the  t en ta t ive  mapping legend against  

mappable landscape units.  
i n  other areas ,  testing of the  legend may require  r e l a t ive ly  l i t t l e  time, but  i t  st i l l  
must be done. 
review requires more carefu l  f i e l d  inveatigationo. 

I f  the  s o i l s  of the  area a re  l i k e  chore mapped previously 

In artam having s o i l s  unlike thome mapped elsewhart, t he  i n i t i a l  f i e l d  

Before the  r e v i w ,  the  party leader locates  places fo r  t e s t  mapping. Uuch of 
the review team's time can be saved i f  p ro f i l e s  of roils f o r  which the  c l a s s i f i ca t ion  
is i n  doubt have been exposed in advance. 
LO ident i fy  t h e  most ser ious problems with t h e  mapping legend and t o  provide evidence 
t o  support judgments about a l l  amp units, even those not conridered problems. 

The review team depend. on the  par ty  leader  

I After a l l  avai lable  evidence h a m  been a8mambled. including t h a t  prepared in 
. 

advance and tha t  studied in the  f i e ld  during the  review, the  temn axmine8 t h e  naming 
of the variour unitm. The c la s s i f i ca t ion  of ident i f ied  moilm. the  list of ad hoc 
symbolm and t h e i r  def in i t ions ,  and the  l i a t  of cwvent ioru l  mymbolm and ruler f o r  their  
use are a l so  reviewd.  
review has been completed. 
report  and i n  used by the  f i e l d  party in mapping. 
of formal correlat ion.  which continues u n t i l  the  rumap i. completed. 

Neeaed adjustment8 i n  the  legend are made when the  i n i t i a l  
The revimcd legend btcomer a par t  of t he  f i e l d  review 

i h i m  r e v i u  also 8tarts the proctns  

The review team provider the  party l t ade r  v l t b  inmtruction8 f o r  any mpecial 
studiem tha t  m y  be needed to anmver any remaining questions. 
laboratory andysea ,  apecial  f i e l d  invert igat ionr ,  and examination of l i t e r a t u r e  not 
seen previously. 
spec ia l  a t ten t ion ,  much am adequacy of bare maps and equipment , cartographic techniques, 
mapping procedurer, and recording of f i e l d  notes. 
the  f i e l d  review report  and guide the  w r k  of the  field party. 

Such mtudies may include 

ihe review team a l so  providem inr t ruc t ionr  about matters t h a t  require  

These inmtructions become par t  of 

Finally.  t h e  review team armiatm tbe  par ty  leader and adminir t ra torr  i n  preparing 
a flow cbart  showing when and by ubtm v a r i o w  tarlu vi11 be done. 

Progremm f i e l d  r e v i m  

Progremr f i e l d  revirvm are made during fieldwork t o  te8t clamrif lcat ion,  mapping, 
nomenclature, and incerpretationm md t o  review urd confirm f indings of the f i e l d  
party. 
a8aiating t he  f i e l d  par ty  I n  mother .  

dependm on t b r  m k l l l  and axperience of the  party leader  urd tb8 length of time required 
t o  completm tbe  muwq. 
generally needed a t  hut once a year fo r  t b o r t  murveyr mtaffed v i t h  tvo o r  three  
full-t ime moil 8cientlrfm. 
agreeable t o  a11 p8rticlpubt8.  
rupervirory moil rci.ntl8tm vhenever there  are unresolved problem t h a t  a f f e c t  t he  
qua l i ty  of mappin$ in a r ign i f i can t  par t  o€ t he  area. 
on mhort notice. 

Inrpection of fieldwork ia one element of t he  review. Solving problem8 and 

Umually, never81 reviwm are needed during A ro i l  rumey. Row m8ny are needed 

Rogremm twiewr that cover all elementr of t he  nunmy are 

They are rcheduled w e l l  in advance and are held a t  a time 
The party leader  requertr  f i e l d  oiritm by one o r  more 

Field viritm cm be rcheduled 
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By t h e  t ime  the f i r s t  
In  c o n t r a s t  t o  i n i t i a l  f i e l d  revievs,  which Concentrate on preparat ions f o r  

f ie ldvork.  progresa revievs focus on app l i ca t ion  in t h e  f i e l d .  
progress  f i e l d  review is made, enough mapping has been done t o  test the  legend. 

Before t h e  progress  f i e l d  r e v i w ,  t h e  pa r ty  l eade r  has prepared a list of unsolved 
problems and a t e n t a t i v e  schedule of a c t i v i t i e s  f o r  t he  review team. 
shculd include time f o r  study of s p e c i a l  prOble~18, review of m8pping, and a p p r a i s a l  of 
t h e  s o i l  handbook and o the r  working documents. 
t he  mapping legend and in t e rp re t a t ions .  should be provided. Place8 are located where . 
mapping o r  c l a s s i f i c a t i o n  p rob lem can be invest igated.  
d e s c r i p t i o n s  of soil p r o f i l e s  f o r  t h e  review team to  s tudy  are prepared. Sites t h a t  
i l l u s t r a t e  t h e  most important p rob lem of i n t e r p r e t a t i o n  are selected.  The record of 
mapping progress  shoving the  s o i l  scientists r e spoas ib l e  f o r  u c h  completed shee t  is 
up t o  d a t e ,  and the  f i e l d  sheet8 and notes of each 8Cientf8t  u e  ava i l ab le .  
l eade r  should be prepared t o  desc r ibe  t h e  progress  of a l l  ta8k8 l i s t e d  f o r  action a t  
ear l ier  revievs.  

The schedule 

Upto-&te w r k i n g  documents, such a8 

Exposures and d e t a i l e d  

The par ty  

The mapping o f  sample a reas  is examined f o r  s o i l  i d e n t i f i c a t i o n ,  placement of 
boundaries, l e g i b i l i t y  of the maps, Undo and amormts of inclu8ions.  .nd 8ppropriateness  
of map u n i t s  f o r  t h e  object ives .  
dua l  s o i l  s c i e n t i s t s  and tests t h e  legend i t s e l f  and t h e  base Wp8. 
l a r g e  p a r t  of t he  t i m e  of progress f i e l d  revievs is spen t  in t h e  f i e l d ,  though legends,, 
d r a f t s  of manuscripts,  and i n t e r p r e t a t i o n s  can be reviewed in t h e  o f f i c e .  
of s o i l  i d e n t i f i c a t i o n  and mapping s tudied in t h e  f i e l d  are discussed at  t h e  f i e l d  
sites. Sometimes s p e c i a l  studies u e  needed. 

This axamlnotion eva lua te s  the  f i e l d v o r k  of i nd iv i -  
Norrp.11~. 8 

Prob lem 

The r e v i e v  team r e v i s e s  t h e  i d e n t i f i c a t i o n  legend 88 necessary. It r e v i e w  t h e  
q u a l i t y  and s t a t u s  of the d e s c r i p t i v e  legend, In t e rp re t a t io IU ,  urd Chs8if iCat iOtl  urd 
nomenclature of t he  s o i l s .  I f  a d j w t m m t s  o r  8peci.l ac t ion8  are needed, t h e  team 
decides  vhat  should be done. 
and t h e  mapping and f i e l d  notes of i nd iv idua l s  8nd make recOImendaLion8 to  c o r r e c t  
d e f i c i e n c i e s .  
l eade r  and l o c a l  adminis t ra tor .  h y  necessary r empp ing  or r e v i s i o n  of mapping is  
spec i f i ed .  

The supervisory scientist8 appra i se  the rate of progress 

Progress  is compared to  t h e  flow ch8rt and I8 di8cusoed with t h e  p a r t y  

Soils LO be sampled f o r  laboratory studies are i d e n t i f i e d .  

A l l  changes of symbols o r  rum8 of map ~ ~ 1 l t 8 - I t d u d i n g  m y  t h a t  are discontinued- 
a r e  recorded. 
a c t i o n s  are p a r t s  of t h e  r epor t  of t h e  progresr  f i e l d  review and wrking d o c m m t 8  fok 
subsequent a c t i v i t i e s  of t he  survey. The modified legend 8erves-as a correlation f o r  
t h e  p a r t s  of t h e  a r e a  vharc mapping ha8 been completed. 

The modified i d c n t i f i c 8 t i o n  h g m d  A n d  1i.t of recomendat ions f o r  

About one year  before  completion of f i e l d  mapping 8 comurehensive v r o i r e s s  f i e l d  
r ev iev  is m a d e .  
r ev iev  v h i l e  t i m e  remain8 t o  c o r r e c t  any deficienci.8. 
evaluated. 
are checked. 
t h e  survey vi11 be completed on time. 
of a11 a s p e c t s  of the.nrrvey and include8 8 plan f o r  completi- t h e  raP.ini-  wrk.  

progress  f i e l d  reviev cannot be justified. 
from supervisory s o i l  scimtistr s p e c i f i c a l l y  to  be lp  r o l v e  s p e c i a l  problem.. 
v i s i t  by a 8 U p @ ~ ~ t S O r y  r o i l  8 C i e U t i 8 t  for a d8y c8a o f t e n  prevent e r r o r 8  t h 8 t  wuld 
be Costly LO cor rec t .  

This review accomplishes many of t h e  o b j e c t i v e s  of 8 f-1 f i e l d  
A l l  8Urv.Y ope ra t lo ru  are 

Items such as photogr8ph8, block di8grmn8. and o t h e r  material f o r  publ icat ion 
Progrea8 is compared to t h e  flow chart to i a s u r o  that a l l  a8pec t r  of 

The f i e l d  rWiW r e p o r t  de8crlbe8 t h e  progrr88 

Sometimes problem8 need to  be 80lv.d and guidel ine8 e8 tab l i shed  vhen a complete 
zh p a r t y  l e a d e r  can r eque r t  f i e l d  visit8 

A 

. 
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A vrittm record of the decisions reached during f i e l d  v i r i t s  i r  provided t o  the  
Changes in the 13ent i f l -  cooperating agencies and i r  made part  of the survey records. 

cat ion legend or  mapping procedures are  promptly given t o  all member8 of the f i e l d  
party.  Declriona that a f f ec t  t h e  legend, c laes i f ica t ioa  of 8011s. or  in te rpre ta t ions  
nre  rev iwed n t  the n u t  progress r e v i w  and are included In the  revlev report .  

Final f i e l d  review 

p r w i d e r  a l a r t  opportunity t o  review and confinn conclurion8 in the  f i e ld .  
and progress f i e l d  review8 focu8 on matters tha t  a f f ec t  fu ture  mapping. 
f i e l d  review concentrate8 on a n t  the mort We of the information t h a t  has been 
gathered and on correct ing any deficiaocier  that remain. 

The f i n a l  f i e l d  review i r  held vhen the fieldwork l a  complete o r  near ly  so. It 
I n i t i a l  

The f i n a l  

&*fo r  other  f i e l d  reviev8, the party leader p rwide r  up-to-date copier of a11 
Any reminiing problem8 a r 8  l i 8 t ed ,  m d  a legends, maps, and i n t e rp re t ive  1~teri.1. 

t en ta t ive  8chedule of a c t i v i t i e s  18 prepared. 

t h a t  appear on the  map8 and name8 for  the mi l s  and rpecf.1 fe8turer  t ha t  they rcpre- 
rent.  
maps a r e  complete o r  nearing completion, including inking, joining. and checking. 
general  r o i l  map and t h e  accomp.nying narrat ive are fn nearly f i n a l  fom.  
data  and other  data  from rpec ia l  r tud ier  have been u8embled. 
of i l l w t r a t i o r u  f o r  t h e  publirhed r o i l  nrnrey a re  available.  

in te rpre ta t ion .  
revlevr ,  but rome problem m y  have appeared mince the h a t  review. 
of m8pping ha8 been done during progrerr revim. but the party leader may have rome 
quertionr about Mpping tha t  require  f i e l d  rtudy. 
problam tha t  r-ia and recanmend8 any correction8 tha t  are r t i l l  needed. 

survey and determiner vhether a l l  f i e l d  rheets are leg ib le ,  COIPPftt.* and r u i t a b l c  f o r  
compilation a t  the  publ icat ion rcale. 
checked aga inr t  an out l ine  fo r  the publication. 

A t  the  time of the  f i n a l  f i e l d  reviev the mapping legend Include8 a l l  symbols 

The f i e l d  Hajor rec t ionr  of the  r o i l  mrvey manurcript h v e  been pr tp8t td .  
The 

laboratory 
PhOtOgr8ph8 and draftm 

A f i n a l  f i e l d  r a w  mot rerolve a l l  r-ining problem8 of c l a r8 i f i ca t lon  8nd 
Adjrutment8 to  the  m8pplrig legmd hve  been made during program8 

Wort f i e l d  checking 

The f in81  f i e l d  review rerolver  any 

. The f i n a l  f i e l d  review apprairem the nu te r i a l  avai lable  for  the  publi8hed r o i l  

Inform8tion armembled fo r  the nunurcript  i r  

8 

The mapping legend and rupportin8 i n f ~ t i o n .  t he  v a l i d i t y  of map units. t h e i r  
namer. ami the  c l a r ~ i f i c a t l b n  and i n t e rp re t a t low of a o i l r  are checked. fhi. review 
i r  t he  f i n a l  a p p r a b a l  of  the  lr$.lrd In  preparation f o r  f i e l d  ad final correlat ionr .  
The f i e l d  cor re la t ion  can umually be conducted during the  f i n a l  f i e l d  reviw. 
they are not conducted together,  the f-1 f i e l d  review report  propider rec-ndation8 
fo r  n&ng and corre la t ing  each map unit. 

Field review report8 

I f  

Report8 of f i e l d  revlev8 record decirioum tbJ vere u d e  at varlour tlmr during 
the  8UmP.J .  For exampb, h r w  th8t 8 $IVm Wp -It V88 incor rec t ly  mapped at  one 
time and when t he  e r r o r  y.8 f o d  ir  important. 
t he  f i e l d  m-pr on which oymbola m y  need to be dunged. 
his tory  of the decir ioor  n d e  duri- t h r  progrem of a roil ruroey. 

A l l  f i e l d  revim report. include (1) tho name of the .tea. (2) I t a  locatioo. (3) 
i t 8  rize. (6) t he  da te r  of the  revfew, (5) the  total  area mapped t o  the  time of the  
revlev,  (6) t he  name8 of the  party leader and meaberr of t he  f i e l d  party. (7) t he  
names of o ther r  who par t ic ipa ted  in the r.9i.y. (8) 8a appraisal  of t he  adequacy of 

Xecording the  da te  permttr ident i fy ing  
Field review report8 are 
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equipment and baee maps, ( 9 )  a list of any def ic iencies  in the conduct of the survey 
and agreements for  r a t d y i n g  them. (10) cornendable item8 recognizing good performance, 
and (11) other  per t inent  general  fac ts .  

The i n i t i a l  f i e l d  review report  includes copies of t he  f i r s t  i den t i f i ca t ion  
legend and the  first d ra f t  of the  dcrcr ip t ive  legend. 
in te rpre ta t ions  of nev s o i l  ee r i e r  proposed a t  the initial r e v i m  are included. or 
ins t ruc t ions  f o r  submitting them at a later date a r e  provided. 
ins t ruc t ions  fo r  the conduct of t h e  survey a r e  included. 
during the review about s o i l s  or  re la ted  matterr a r e  comonly included am par t  of t he  
record. 
done. 
possible  echedules fo r  sampling md  other vork are l i s ted .  

Drafts of de8cription8 and 

Recoa=~endationm a d  
Not88 of ob8ervatfOn8 made 

A schedule should be developed to  show when and by whom V 8 r i O U 8  ta8k8 Vi11 be 
Recormnendatione fo r  spec ia l  laboratory o r  f i e l d  rtudiea are recorded. axid i f  

Reports of progress f i e l d  reviews must include a complete revi8ed iden t i f i ca t ion  
Descriptions of ncv r o i l  series propo8ed mince the  la8t f i e l d  taPlaU are legend. 

attached o r  fns t ruc t ions  fo r  providing them are ' included. The report  includer a 
record of def ic ienc ies  in the  mapping. in t he  descr ip t ive  legcod, and In in te rpre ta -  
t ions  of s o i l s .  and a statement of recoPrrPrnded act ions,  including any admioirtratios 
actions.  
Changes i n  the  legend. mapping procedures, ba8e m8pr. and r o i l  rurvay ln te rpre ta t ionr  

The da ter  of ouch change8 
a r e  given t o  show t h a t  they predate the  review. Hap units m d  8ymbol8 tha t  V 8 r 8  w e d  
but later dropped musf be  recorded and ident i f ied .  and the  di8po8ition of 8ucb rmbolm 
on the f i e l d  sheet8 must be described. 

Special  problem th8t were inve8tigated and propored aolutionm are recorded. 

'made by t h e  f i e l d  par ty  between review8 are also recorded. 

After a f i e l d  v i s i t .  a n i t t e n  report  ir submitted, ruu81ly to  th. rupervirorr  of 
ibis the  reviewer and the party leader.  

report  is not a fo-1 document of the rurvey. 
the  report  of the  next progress f i e l d  review and properly docmaentad. 
reports  record the complete h is tory  of a survey. 

Copies are rent t o  the cooperating ag8uci.8. 
n e  r eemended  ac t ionr  are l i s t e d  i n  

Field review 

The f ina l  f i e l d  reviev report  includes the m8me kind8 of inform8tioa am progrerm 
f i e l d  reviev reports.  
survey a r c  emphasized. Special  a t t en t ion  i r  given t o  the  8tatu8 of laboratory da t8  
from samples col lected fo r  character izat ion,  correlat ion,  and in te rpre ta t ion  of th8 
soils. 
during che f i e l d  correlat ion.  
t h e  f i n a l  f i e l d  review, the two report8 a n  be combined. 

Soil Correlat ion 

The 8 ta tu r  of m p r  and information fo r  publ icat ion of the  

A list of rec-ended name8 of map uni t8  is included f o r  copriderat loo 
I f  the f i e l d  cor re la t ion  i8 held concurrently v l t b  

So i l  cor re la t ion  is the  procer8 of mhta in ing  coa8i8tenCy h &ins, Cla@rifpfnS. 
and in te rpre t ing  kind8 of s o i l 8  and of the  unit8 delineated 08 mp8. I n  the  C O t T e h -  
tion process, f i e l d  and laboratory dat8 urn e x d n e d  f o r  mioi1aritie8 lad diff8r8nc.8 
betveen moil8 a t  d i f f e ren t  place.. 
cion and mearurewnt end conr i r t8n t  convmtlon8 and terminology. IhW, 80i% C O t t e b -  
cion invol_ves more than def infni .  d u g ,  .ad c la rs i fy ing  roi18. It r e q u l r u  an 
evaluat on of method., temlnology, and convcntionr used f o r  derc t ib ln8  8nd defining 
s o i l 8 . l  It  a180 include8 an evaluation of COnV~tiOM used t o  name .ad ident i fy  m8p 
un i t s  and the wefu lne r r  of mp uni t8  f o r  r o i l  ln te rpre ta t ioa .  

1 t . inc ludes  qua l i t y  cont ro l  8nd mapping declr ionr  u r r i e d  out by the  par ty  leader and 
other par ty  members during f i e ldwrk .  
revlev, f i e l d  correlat ion.  and f i n a l  correlat ian.  Fo-1 cor re la t ion  i8 nomal ly  done 
i n  two steps.  

Correlat ion requires c o ~ i 8 t e o t  m8thod8 Of obmenm- 

The corre la t ion  procemr contiouem from the  beginnin8 t o  t he  m d  o f  each 8um.1. 

It a180 includer the  fo-1 a8pectr of f i e l d  

The f i e l d  cor re la t ion  is a reappraisal  of the  m p  unit8 and the 
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\ information asrembled about them. 
sites can be rtudied t o  resolve questionr. 
f i e l d  correlat ion by rupervisory r o i l  r C i a t i D t S  who a r e  responsible f o r  a much larger  
region than the runmy area. 
the 8011 survey. 

It 1s commnfy conducted i n  the f i e l d  vhere mpecific 
The f i n a l  cor re la t ion  i r  a review of t h e  

The f i n a l  correlat ion ID the  basin fo r  publication of 

ti 

.- - 

0 

Correlation during fieldwork 

The procers of r o i l  correlat ion r t a r t r  v i t h  preparation of the f i r n t  d r a f t  of the 

There description8 are wed t o  compare r o i l r  a t  d i f f e ren t  places, 
i den t i f i ca t ion  legend.' Soilr are described at  d i f fe ren t  placer during preliminary 
DtUdhD of an a r a .  
and t o  construct the wrk ing  model8 tha t  reveal the  roi1-landrcape relat ionships .  
the  so l lo  a t  NO di f fe ren t  placer in the  rurvey area are the  same kind, they a re  
ident i f ied  by the  rmae name. 
another rurvey, tht name i n  ured. 
these ten ta t ive  correlat ionr .  

I f  

I f  8 r o i l  l a  the mame 4s one ident i f ied  and named i n  
The f i r r t  i den t i f i ca t ion  legend ID a product of 

The proceor of correlat ion Continu88 a8 f i e l d w r k  progrerser.  A t  the  l n l t i a l  
f i e l d  review, rupervirory r o i l  r c i e o t i r t r  examine the  evidence and the t en ta t ive  
correlat ion8 reprerented by map un i t r  In tha legend. 
r o i l r  and the  urefulncrr  of the map uni t r .  
represented by defined MP un i t r  a re  continually t e r t ed  against  obrervationr by the  
f i e l d  r t a f f .  
mance under d i f fe ren t  urer ,  and other f i e l d  data. 
va l id i ty  and usefulnear of the map Mitr. 
laboratory. 
of rome map un i t r  usually a re  adjurted,  rome new u n i t s  a r e  named and defined, and 
otherr  a r e  combined o r  dropped. 
Each ruccerrive f i e l d  review producer a more ref lned cor re la t ion  of t he  r o i l 8  of the  
area. 

'2h.y t e a t  the  c l a r r i f i c a t i o n  of 
A. the  8unWY progrerrer.  t he  cor re la t ionr  

me r t a f f  accumulater roil dercription8, recorda of observed 8011 perfor- 
Each lnt8rpret8tiOn t e r t a  the 

So i l r  a r e  rampled mad are analyzed i n  the  
AB evidence a c c w l a t e r  from a11 of there  rourcer, def in i t ion8  and names 

Each ruch act ion is a refinement of t he  correlat ion.  

Field correlat ion 

The f i e l d  cor re la t ion  i r  conducted vhen f i e l d w r k  is nearly complete. A t  l e m t '  
The rupcr- one rupervirory r o i l  a e i m t i r t ,  the par ty  leader,  and others  par t ic ipate .  

virory moil r c i e n t i r t  should be familiar v l t h  the .oil@ of the  S ta t e  o r  region where 
the area i r  1ocat.d. 
reprcrentat ive of each of the pr incipal  cooperating agencier par t ic ipa te r .  
ruch a8 fo ra r t e r r ,  range rpec ia l i r t r ,  a t e a r i o n  spec ia l i r t s .  or engineer6 may a r r i r t .  
So i l  s c i e n t i s t s  rerponrible f o r  ntrveyr of adjacent S t a t e s  pa r t i c ipa t e  i f  they can 
make urefu l  contributionr.  
conducted concurrently, fo r  t he i r  function8 are complemeat8ry. 

Other member8 of the f i e l d  par ty  u u a l l y  t a b  par t ,  and a 
Spec ia l i s t s  

Ihe f i r l d  correlat ion and f in81  f i o l d  review are u r y l l y  

The par ty  leader  provider a lapend tha t  -lists a l l  symbols that have been ured on 
t h e  f i e l d  rheets. cvmplete description8 of a11 map t m l t m ,  desc t ip t ionr  of t- defining 
t h e i r  propert ier  a8 obrerved in the area. copier of laboratory data,  d ra f t8  of in te r -  
pretation. of r o i l r  and in te rpre t ive  groupingr, urd waruraments o r  r e l i a b l e  ertlmter 
of the extent of map uni t r .  Field 
map8 of t he  area and copies of of f ic i81  dercr ipt ionr  of m i l  series and in te rpre ta t ionr  
a r e  needed. 
handbook f o r  the area. 

Supporting f i e ld  notes and data  are 8180 available.  

by t h l 8  wage,  all t h i s  i n f o N t i o n  h.8 be- u r d l e d  in t h e  s o i l  

k much a8 porrible of the f i e l d  correlat ion l8 completed in  the  rurvey area.  
For 8-8 S U Y W Y I ,  811 r o c ~ e n d a t i o w  u1L k prepared ln the  ate.; f o r  otherr.  infor-  
mation not avai lable  fa the  f i e l d  o f f i ce  u s t . k  coa8ult.d before f i n a l  decirioru can 
be amde on 8-8 matterr. 
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All  map u n i t s  used during the  survey must be checked during f i e l d  correlat ion.  
Some map un i t s  may not be c lear ly  di8tinguishable from otherr  and can be combined v i th  
s imilar  u n i t s  under one name; otherr  may not be needed €or the  purpo8es of the survey 
and can a l s o  be  combined. Combinations mst be recorded 80 those vho compile the  MQ 
f o r  publication can ident i fy  the aream by t h e  proper symbol. Accurate description8 of 

Ihe j u s t i f i c 8 t i o n  f o r  m a t  The v a l i d i t y  of ph8.8 checked v l t h  r p r c i a l  care. 
phases rests on behavior of so i lr  vhea used. 
other phase8 of the  taxon in at le+rt 008 8 t a t ~ ~ m t  about r o l l  behavior. 

Each 8uch ph.08 rhould d i f f e r  from 

During f i e l d  cor ra la t ioa  name8 f o r  map tmltr arm recomendrd. The dercr ip t iaar  of 
r o i l  setla8 are checked against  standard descr ipt ionr .  
have been iden t i f i ed  a8 er tabl i rhed r8rier. but th8  iden t i f i ca t ion r  muat b8 ch8ck.d. 
De8crlptionr of propos8d s e r i e r  8re compared v i t h  r t w t a r d  derCrlQtlOn8 of r-hr . 

series within the  ram8 and c lore ly  r8ht.d familler.  Each propored 8eri88 i 8  8ith.r 
recognized am a new ae r i e s  o r  corralatad v i t h  UI emtablimh8d aer ie r .  
modification of es tabl i rhed rerier t o  a c c o m d a t e  moil8 of th8 area are review8d. 
def in i t ion8  of a l l  r e r i e r  ured in th8 area ar8 checked aga ia r t  th8  + i t 8  of d h g n o r t i c  
cri teria,  and a11 rerier rhould b8 Cl~8.ifi8d. 

m y  of th8 kindm of roil may 

Suggertionr f o r  
The 

The f i e l d  cor re la t ion  mamornndum I8 r8cord of t he  reconmended cor re la t ioru  u i d  
is approved by reprereocatives of the pr inc ipa l  cooperating agencies. 
includer a@ a mintmu~k- 

lh ir  -randun 

1. 

2. 

3. 

4. 

5. 

6. 

A complete idan t l f l ca t ion  legend, givlna- 
a. 

b. 

Noter explaining a11 recomended cor re la t ionr  f o r  vhlch j r u t i f i c a t i o n  
18 not obvious from th8 8videace rubaLltt8d v i t h  the  m m o r d u n .  

t he  r o i l  n8m8 and -01 wad io th8 f i e l d  to fdent l fy  u c h  
map uni t ,  and 
che racmendcd name and 8jmbol f o r  each corr8lated uni t .  

A complet8 l i r e  of conventional and 8p8cial 8ymboh. along v i t h  
t h e i r  de f in i t i ons  o r  reference t o  a publirh8d eource of d8f io i t ionr .  

Ssct ionr  c l a r r i fy ing  a l l  r e c n d 8 d  88tI8m and AU p8don8 that 
uer8 analyzed in th8 hboratorp.  bcludh8 tho.. t u t 8 d  f o r  
engineertug propertie8. 

A atatemant evaluating the  curr8nt d r a f t  of the eo11 rurpey 
manurcript. 

L i8 t r  of ae r i e r  recamwudd- 
a. t o  be establ i rhed,  
b. t o  b8 dropped. and 
C. t o  b8 made in8CtiV8. 

Final corre la t ion  

me f i n a l  cor re la t ion  im a cr i t ical  revin of th8 r 8 c t ~ m e u d a t i o ~ r  of tb8 f b l d  
corr8lat ion.  
co r re l a t ioa  rad c l a r8 i f i ca t ion  in a region la rge  enough to include mort o f  t he  mol18 
i n  the  rurirey area. A r o i l  8 c i 8 n t i r t  who i 8  f8mill8r v i t b  th8 rollr of the  Northern 
Great P la inr ,  f o r  ex.mpl8, conductr t he  f i a d  cor re la t ion  of a survey in that region. 

It is conducted by a 8upervi8ory roil r c l e n t i e t  axperlenc8d in rol l  

li 
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Aesioting a re  the par ty  leader and a ruperviaory r o i l  8CientiSt and reprerentat ives  of  
t h e  pr incipal  cooperating agenciea. 
be ab le  t o  make t h e i r  contribution8 by correspondence. 

They may par t ic ipa te  in perron o r  may sometimes 

The f i e l d  correlat ion remormdtm m d  i t 8  rupporting evidence provide the bar ic  
in fomat ion  needed f o r  f i n a l  correlation. 
t i ons  of r o i l 8  re la ted t o  thore of the 8urvey arm, from roil  cor re la t ion  rampler 
col lected in the area,  from other r o i l  rurveyr b comparable arear.  from in te rpre ta t ions  
and laboratory data  fo r  s imilar  ro i l8  in other are88, and from personal knowledge of 
those p8r t iCip8thg ,  erpecial1y the party leader. 

Additional avidenco i r  d r a m  from descrip- 

In the  f i n d  c o r r e l a t i m ,  rpeCi&l a t t en t ioa  i s  given t o  c h 8 8 i f i c a t i o n  urd 
in te rpre ta t ion  of the 80118. 
t ion8 are appraired. 
They a re  rtudied for  porr iblo conf l ic t r  v i t h  other rerier. 
t i on  of each serier and i t 8  ranger of r o i l  propert ier  are reviewed fo r  conformity v i t h  
diagnort ic  criteria. 

The correlat ion I8 revieved t o  h 8 u r e  tha t  r i u ~ i l a r i t i e a  v8rr.nt an9 propored 
combination8 of r o l l 8  and tht difference8 botvocrr the  -it8 are la rge  enough t o  
j u r t i f y  re ta in ing  them. 
conventions. 
to establ i rhed 8tandardr. 
a r e  re fer red  t o  r o i l  r c i e n t i r t r  in tho S ta te  fo r  addi t ional  information. 
may require  addition81 f i e l d  i w e r t i g a t i o n  or kbOt8tOry r tudior .  

I f  enough doc~msntation and other roidonco i 8  8Vailabfo to  m8kr f i n a l  doclrion8. 
t h e  f ino1  cor re la t ion  c&n be completed in conjunction v l t h  tho f i n a l  f i o l d  revim 8nd 

Tho content and adeqrucy of dercr ip t ionr  m d  b t e r p r e t a -  
Dorcriptioru of m y  propored rerier are carefu l ly  uamined. 

Tho reconmended c h r i f i c a -  

Nomonclaturo i r  chocked t o  roe t h a t  it conform8 t o  or tabl i rhed 

Quertioru tha t  cannot be anmered by the  evidence at  hand 
Definit ion8 md ia terprotatfonr  a r e  chocbd t o  inrure  t h a t  they conform 

Some problem8 

the  f i e l d  correlatioo. - 4  

Tho f i n a l  correlat ion memorandum I8 8 record of d8cI8IOP. that are roached. It8 
p r r e n t i a l  olenantr a re  tha r m e  u for  the f i o l d  cor re la t ion  rmorandum. 

o r  new evidence tha t  become8 avai lable  a f to r  t he  cor ra la t ion ,  rove818 a meed f o r  rome 
changer. 
and brcome part  of t he  o f f i c i a l  record. 

The f i n a l  cor re la t ion  memorand\m iden t i f i e r  the  map unit8 t o  be ohom on the  
publirhtd map and t o  be dercribed and interptotod in the  tat. 
record8 correlat ion dacir ionr  .ad co r t i f i eo  that in te rpre ta t ion8  h8vo bo- coordinated, 
t ha t  the  
been pTOperlg rcheduled. 

Reference ramplor t o r  r o i i  correlat ion 

ramplor r ep re ren tbg  oach rarier are  colloctod. 
revieu repor t s  dofine the p lum for -10 collection and l i r t  the r o i l r  to be 
rampled f o r  correlatioo. 
cooperating agmcler  apprwo tho rmpl lng  program. 

Sometimer roview of tho f i n a l  correlat ion by individu8lr vho did not par t ic ipa te ,  

Such changer are recorded ar mmdmentr t o  the f i n a l  correlat ion memorandum - 

The wwrmdum 

and nunurcript are complete, and that a l l  r emin ing  opotatioor have 
It UII 8n8vrr quortioru t lmt  may arire in tho  future ,  urd 

i t  e8tabl i rher  9.V . O i l  8erfa8 the mtiOlW1 89.t- Of 80U C h 8 8 i f k 8 t i O n .  

Data from a lu lyrer  of r o i l  rempler a re  w o d  in the  cor re la t ion  procarr. U r u l l p ,  
The ini t ia l  rad progrerr f i e l d  

fa approving the revfeu raportr ,  the  repreramta t ivu  of the  

S 8 ~ ~ 1 i O g  need8 V8- frola 8rU t o  UU. h t t e l 8 t i ~ n ~  -108 m y  be col lected 
frOa each pedon tht i 8  -1.d for  18bOr8tOrp a l y 8 i 8  or rrrgineering te8t8. 
a r e  c-ly col lected f o r  each w r i o r  vhoro typo locat ion 18 in t he  ourpay area. 
They are 8180 coll.cted from 
Other ro i l r  in fhe rurvey a r u  a re  -led u nocerrarp fo r  o ther  purporer. 

They 

8011 for  vhich Cl888ifiC8tion I8 qu.8tion8bh. 

-9- 
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After correlat ion i r  completed. samples not required am par t  of a permanent 
reference co l lec t ion  may be discarded. 
and cumpletenesr of s o i l  descr ipt ionr  and on laboratory u u l y r i r  of soilr. t he  use of 
samples in correlat ion ham decreasd .  

k greater emphasis bar been placed on accuracy 

The procedures fo r  col lect ing,  shipping, rod label ing ample8  change am need. .ad 
methods change. 

Records and Definit ions of Soi l  T a u  

Keeping def inicionr  and rumem of r o i l  taxa up t o  date  i r  oraen t i a l  f o r  ident i f ica-  
tion of map unltr, for  cor re la t ion  of r o i l s  uationvlde,  urd f o r  t r m r f e r  of i n f o n u t i o n  
about r o i l r  a t  one place t o  rfmllar Linda of roil elrovhere. 

Definitionm and name. of r o i l  taxa can be kapt by d i f f e ren t  wthodr ,  and the  
method. ured ara modified from t h e  t o  time. 
needed to  obtain a nationwide perrpective,  t o  maintain rtan&rdr f o r  de f in i t i on  Of 
s o i l  taxa, t o  assemble f i e l d  and laboratorp &fa, and t o  dirremhte infonIat ion t o  
the  f i e ld .  

So i l  series 

Soau kind of c8nt ra l i ted  rgrcem 18 

S o i l  series are used f o r  w i n g  mort m p  unitr in l ac  and 2nd order rurvey& and 
i n  rome surveyr of other order. in the United Stater. 
seriar category and of individual a e r i e r  b v o  chmged. but more than 12.000 aerier are 
nov defined and named. 
de ta i led  information about s o i l r  of the United Stater i r  i den t i f i ed  v l t h  r o i l r  at 
spec i f ic  placer. 
de ta i led  information about the r o i l  uui i t a  behavior a t  one place i r  projected t o  
s imi la r  o o i l s  a t  other  placer.  

Over th8, t h e  cooceptr of the  

These def in i t i on r  are t h e  fr . laevork.vlthin which mort of the 

These def in i t ionr  a l s o  provide the pr inc ipa l  medim through vhicb 

'Rigorous standard. f o r  def in i t ionr  of soil aerier inmure t ha t  namer urd deicrip- 
t ions  fo r  the same kind. of r o i l r  a r e  con8irtent from survey t o  rurvep. 
major object ive of the cor re la t ion  procerr. 
a r e  not s t a t i c .  
must be modified. 
i n  c r i t e r i a  o r  limitr of taxa kr higher utegorier of ten  require modification of 
da f in i t i ou r  of member reriea. 

Thir ir 8 
The c l a r r e r  of t he  moil aerier category 

As nev knowledge is acquired. de f in i t i on r  of some er tab l i rhed  aerier 
Nev ae r i e r  are defined for newly recognized kindr of 80118. Chngcr 

Keeping recorda of ae r i e r  name9 and updating de f in i t i o ru  of  retier 1. 8 continuing 
process. 
predict ive value associated v l t h  the earlier de f in i t i on r  and rumem. 
system fo r  keeping records of r o i l  ae r i e r  name. .ad def in i t i o ru  i m u r e r  that n8mor and 
def in i t ions  of r o i l  aerier m8.c t h e  r igo row rtandardr needed in a nat ional  . O i l  
survey program. 

The changer rhould be accomplirhad la v8yr that de t r ac t  the learnt f r b 8  the  
A central ized 

Of f i c i a l  s o i l  ae r i e r  dercriutionr.-Eacb moll rer iu  must be d e f h e d  u f u l l y  8 ~ d  
accurately as existing knovledge permitr. 
in an individual rurvey am vel1  u t o  er tab l i rhed  aerier. 
information is included and t o  pormit compariroo of aerier d e f l n i t i o m r  a rtandard 
format for  recording rpec i f i c  kindr of information i r  ured- 

Thir appl ie r  t o  propored r o i l  r8rier w e d  
To i m u r e  tha t  ermantial 

Of f i c i a l  s o i l  aerie. dercr ipt iona record def in i t ioor  of  r o i l  aerier mad other 
relevant information about each aer ie r .  The f o n u c  urd t h e  kind and amount of d e t a i l  
may change from time t o  time, but ce r t a in  U n d r  of in fomat ion  are needed. 
de f in i t i on  and a aerier in te rpre ta t ion  record are e r r en t i a l .  
' that  is descr ip t ive  but not spec i f i ca l ly  d e f i n i t i v e  i r  needed t o  aid the reader in 
ident i fy ing  the soil in the landrcape rad r e l a t i n g  it to  other kindr of r o i l .  

A deta i led  
In addition, information 

-10- 

-NSH Notice - 55 12/18/79 

a 

:. 
515 _. 



1 

An 

1. 

2. 

3. 

4. 

5. 

NSH - Appendix 1 

o f f i c i a l  s o i l  series descr ipt ion should include a t  least the  folloving: 
Chapter 10 

The c la s s i f i ca t ion  of the series a t  a l l  ca tegor ica l  levele.  
ind ica tes  t he  classes that p rwide  l i m i t s  of p roper t ies  t h a t  
are diagnostic for  the  se r i e s  u vel1 M fo r  t he  higher taxa. 

A descr ipt ion of A typical  pedon and its horizons, describing 
each in as much d e t a i l  a# necessary t o  recognize i t#  taxonomic 
class. 
described. 

This 

Horizon8 t h a t  a r e  diagnostic f o r . t h e  pedon should be 

A statement of t h e  ranges of propert ies  of the  series. 
sect ion a l s o  contain8 statements about the re la t ionship  of the  
series control  sect ion and diagnost ic  borizons t o  wert ical  
subdivisions of the  typ ica l  pedon. 

A statement dis t inguishing the,  series from "competing serien" 
v i t h  vhich it might be confused. Competing series are nuinly 
those tha t  share conmop limits v i t h  the  series described or  are 
members of t he  same family. 

A statement that  iden t i f i e s  at  l e a s t  one specific place tha t  repre- 
sents A norm for  the aer ies t -a  "type location." A type locat ion 
should be described accurately enough that it C~LI be located 
in t he  f ie ld .  

This 

, 

Descriptive p a r t s  of an o f f i c i a l  r o i l  series descr ipt ion are OOL required t o  . 
define the  series, but they a id  the reader. A l l  par t8  are not eqru l ly  important f o r  
a l l  so i l s .  Many descziptions include the  folloving: - 

' ' t .  .. 

a 

n 

1. 

2. 

3. 

0 .  

5. 

6.  

7. 

8. 

The landform and physiographic pos i t ioa  of t he  raries, including 
i ts  position r e l a t ive  t o  other landscape elements v i t h  vhich it 
is associated. 

Evolution of t he  landscape. 
fac tor r  on the  genesis of the  series should be ident i f ied .  

Parent material-the kind of mineral o r  org.nic nuterial in which 
the  s o i l  fomod, iacludlng Unds of rock from vhich the  regol i th  
vas derived i f  that can be determined. 

In f lwnces  of the  major s o i l  forming 

Drainage of t he  soil by drainage clam8 or o ther  m u m 8  of de- 
sc r ip t ion  r e l a t i v e  t o  s o i l  Pois ture  regimu. 
o r  dryness may be important. 

Other lcindr of soil with which the 8eries la  c lose ly  usociated 
grographicafly. 

h j o r  we# of the 8dll and dominant kinds of v e p t a t i o n  that 
grov on it. 

Ratioode f o r  c la rs i f ic8 t ion .  
f m i l y  c l a s s i f i ca t ion 'my  be dercribed uh.n labOr8tOv data  are oot 

S r u o r u l  uetness 

Native plants  are identi .f i .d if lmoum. 

-l icit  usumptimm re la ted  t o  

avai18bie. 

M8tribut1011 and u t m t :  
vbether t he  soil occupies a large,  mall, or intermediate aggre- 
gate  area.. 

tb8 known geographic d i s t r ibu t ion  a id  

-1 1- 
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9 .  The year and the  rurvey area vhere the rerier var propored o r  

established. 

The persona vho prep8red md  approved the ae r i e r  dercr ipt ioa and 
t h e  date i t  var prepared o r  approved. 

10. 

11. k f e r e n c e s  t o  a v a i h b l e  hbor8 to ry  d8t8. 

12. Interpretat ion8 fo r  common wem of the  roil.?/ 

ProDosinp new sericr.--A unique kind of moil th8 t  doer not f i t  io 8ny know8 r o i l  
s e r i e s  is described and named ten ta t ivr ly .  A f i rmt  d r a f t  r o i l  rericm dercr ip t ion  i m  
usually prepared i n  mtandard fonnat by the  par ty  le8der of t h e  rurvey area vhere the  
s e r i e r  ham been iden t i f i ed  or  by a mupervirory r o i l  r c i e n t i r t  fo r  a Sta t e  in vhich 
-the reriem 18 import8nt. 

panied by t h e  i n i t i a l  d r 8 f t  de8criptio0, i m  foruarded promptly t o  the  o f f i c r  rempon- 
mlble for  nat ional  recorda. 

The amme selected fo r  8 nev meriee muat be oae tha t  i m  not Currently rued or 

A name is propored fo r  the n w  rerier, and a requert  to rerewe the  tuw, 8ccom- 

reserved fo r  another r o i l  series. 
f i r r t  ident i f ied  i r  umually relected.  
o r  tha t  have undesirable connotation8 mwt be avoided. 
the soil s c i e n t i s t  vho propored i t  i m  adofred t o  .elect mother.  
approved, it i r  entered in t he  na t iona l  1i.t of .oil reriem m.8 reserved name f o r  8 
t en ta t ive  s o i l  serier. Ihis name urmot  ba used f o r  mother  moil u n t i l  it i m  deter- 
mined that  the  t en ta t ive  ae r i e r  i m  not needed. 

The name of 8 place near t h r  8rem vhera the  moil i r  
N u n e m  t ha t  a r e  d i f f i c u l t  t o  pronounce o r  mpell 

I f  8 propored LIM~ i m  re jec ted ,  
Uheo a mama i m  

The first d r a f t  of a t en t a t ive  ee r i e r  descr ipt ion generally reflectm concepts of 
t he  s o i l  and i t s  relationmhipm t o  o ther  kinds of eoilm in 8 re l a t ive ly  small are., 
The descr ipt ion should be reviewed by s o i l  rcimtimtm familiar v i t h  roils of o ther  
areas  vhere the  t en ta t ive  marlas o r  o thers  re la ted  t o  i t  8re thought to u l 8 t .  

Copies of the first d r a f t  dercr ip t ion  mad attached in te rpre ta t ions  are ment t o  
a l l  s o i l  s c i e n t i s t s  who are responriblc f o r  r o i l  c lamrif icat ioa and correlat ion in 
regionr,  S t a t e r ,  o r  groupr of Statem tha t  have mimilar Undm of moil. 
rcientimt8 review the  demcription u u i  i n t e rp re t a t io ru  fo r  conf l ic t8  v i t h  aer ie8  in t he  
areas  f o r  vhich they are rerponrible.  They rec-end 8djumtnentm to  mke the  descrip- 
t ion  consis tent  w i t h  the clammificatios md  uae of moil8 in t h e i r  areae. 
recornend t h a t  the propored scriem be combined v l t h  8 t en ta t ive  o r  established reriem 
tha t  the s o i l  c lose ly  rescmblem. The reviwerm give 8puci . l  a t ten t ion  t o  the  part. of 
the descr ipt ion tha t  def ine ranges of characterimticm md  t h r t  d i f f e ran th tm the  
8e r i e s  from similar kind8 of moil. 
f o r  c l a r i t y ,  completenerm, and proper uae of terminology mad ver i fy  the  cl8mrif icat ion 
of the moil. 

Theme ro i l  

They may 

They a l s o  rtudp t h e  dercr ipt ioa 8nd ia terpretat ionm 

If the reviewerr agree that tha rjrie8 i. needed, a rwimed d r a f t  i m  prepared 00 
the  b a s i s  of t he  recormendatioor m d  rugge8tionr of revleverr. 
usual ly  prepared by the  person vho n o t e  the  f i rmt  dr8f t  o r  by 8 8upervimory moil 
s c i e n t i s t .  The revimed d r a f t  v i t h  8 8-ry of co-tm by revieverm 8ubmltted f o r  
addi t iona l  review by a rupervimotp r o i l  mcientimt rempoamible f o r  regiozml cl88mific8- 
Cion 8nd correlat ion.  After t h l m  review and m y  needed revision, the descr ipt ion I8 
revieved by supervlrory moir mcientimtm of other  regions for  por r lb le  cooflictm. 
f i n a l  d r a f t  including a11 needed revision8 is then 8pproved. reproduced. and di8tr ibuted.  

Ih. rffimion i m  

A 
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Although a se r i e s  descr ipt ion haa been approved, the  ae r i e r  usually remains 

ten ta t ive  u n t i l  i t  has been correlated in a completed roil aurvey. 
as a unique kind of r o i l  of a igni f icant  =tent .  

It is then establ ished 

Sta tus  of r o i l  rerier.--A rerier m a t  be unique . m a g  a l l  kind8 of a0118 and muat 
A. cover a r ign i f ieaot  area. 

knovledge about r o i l a  lncrar re r ,  t he  a ta tua  of a ae r i e r  may change o r  the  de f in i t i on  
of b ae r i e r  may have t o  be revired.  
is no longer needed. 
keep a record of the  a ta tua  of a11 r o i l  writ8 and -8. 

Normally, about 800 h is required t o  j u r t i f y  a meries. 

New knowledge 8Ometb88 r h m  tha t  a r o i l  a e r i e s  
The agmcy th8t mIn ta in8  standard8 fo r  r o i l  c l aa r i f i ca t ion  must 

When a name h a m  been reaerved f o r  a new rerier and a d r a f t  dercr ipt ion of it . 
A t en t a t ive  

submitted, the name ir  entered in the  na t iona l  l i r t .  
correlated in a apecif ic  area, i t  l a  i den t i f i ed  u a t en t a t ive  rerier. 
ae r i e s  l a  a t i l l  being t e r t ed  f o r  ~ d q U m e 8 8  a id  extent.  

I f  t he  ae r i e r  has not been 

I f  a t en ta t ive  ae r i e r  i s  not  rmiqw 01 is of too -11 a t e n t *  t h e  name is  
dropped from the nat ional  list and documents about the  r e r i ea  are removed from ac t ive  
f ilea. 

Dropped aerie. are no longer a part of the  natloP.1 c l aa r i f i ca t ion  ayrtem and the’  
names may be used for  another kind of .Oil. 

If a t en t a t ive  ae r i e r  l r  found t o  be a unique kind of r o i l  and t o  have a s i g o i f i -  
cant area* i t  becomer an er tab l i rh td  series. A aer ie8  I8 w u a l l g  formally establ ished 
during the  f in81 correlat ion of a a o i l  rurvey in which it h r  been wed a8 a t e n t a t i v e  
ser ies .  

A series le emtabliahed a f t e r  (1) it ha8 been found t o  be a unique kind of .oil, - 
(2) i t  has been ahom t o  occupy a l a rge  enough area, (3) an o f f i c i a l  acr iea  deacr ip t ion  
haa been reviewed and approved, and (4) the  r a r i a r  h a  bean wed  in the  f i n a l  correla-  
t ion  of a t  least one r o i l  rurpey. Under aome clrcum8tancea, i tem# 3 and 4 m y  be 
waived. 
report  t o  be publirhed before the review of the  ae r i e r  descr ipt ion i r  complete o r  
before the ser iea  haa been eatabliahed in a f i n a l  correlat ion.  I f  the evidence i r  
convincing tha t  the  ten ta t ive  ae r i e r  l a  unique urd  tenr rive, it may be eatabliahed 
fo r  t h e  rerearch report .  

For example* a t en ta t ive  rerier m y  need t o  be ident i f ied  in a reaebrch 

When the de f i a i t i on  of a .oil rcrier eatabl i rhed a t  some t i m e  in t he  pa r t  is 
inconsis tent  with o w  knowledge o r  0.v convention8 a r i a ing  from new knowledge, the  
o f f i c i a l  series deacription muat be revised o r  t he  a e r i e r  muat b8.remov.d from the  
l i a t  of eatabliahed aeries.  

Uanp def in i t iona  of .oil aerie. e8tabliah.d before  the  current c l a r a i f i c a t i o n  
ayrtem waa adopted in 1965 p8nnItt.d range8 of cha rac t e r i r t i ca  broader than the  l l m i t a  
now imposed by diagnort ic  criteri. of higher tuonol r ic  u t e g o r i e r .  
moat establ i rhed ae r i e r  uaeleaa, but it rertrictd t h e i r  r m g u  aid required revieu 
and approval of revlaed rer ica .  The central concept r-inrd the  8- f o r  moat of 
theas aer ier .  

m8 did not make 

Some aer ie8 e r t a b l i r h d  ear ly  in t he  roil 8u-q of the Unlted S ta t e r  -re broadly 
defined and included w h r t  are revera l  k i d 8  of .oil according t o  current conceptr. 
Thee8 rrrler have been divided i n t o  tvo or -re aer ie8  to conform v i t h  current .tan- 

The old 0.p. vaa ramnmd from w e  r a the r  thn re tained f o r  a -11 segment of t h e  r m g e  
of propertie. it f o m r l y  i r p l i d .  

dardr. h 8- a888  t o  8VUfd C O a f W b O  D.y 0.Ou Wr8 8 e h C Z . d  f o r  a11 D.V 88ri.8. 
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' NSE - Appendix 1 
Chapter 10 

When an establ ished series in removed from the list of s e r i e s  in current use ,  it 
The name may not be used again fo r  a d i f fe ren t  kind is designated an inac t ive  ser ies .  

of soil.. a t  l e a s t  u n t i l  s o i l  surveys using n e w  names have superseded the publirhed 
surveys i n  which the  rume of the  inac t ive  ae r i e r  was rued. The record of inac t ive  
se r i e s  includes the  name o f  each inac t ive  se r i e s ,  *ere and when it vae established. a 
copy of t h e  l a s t  approved serier descr ipt ion,  vhen it war made laact ive,  and t h e  
reasons i t  w a s  made inactive. 

Other  raxa 

Soi l  series ident i f ied  In individual  rurveyr a r e  c l a s r i f i d  in rpec i f i c  taxa of 
higher categories.  
of t h e  h i g h e r  taxa i n  which they are c la8s i f ied .  
for  i den t i f i ca t ion ,  c lass i f ica t ion .  nmencleture.  and correlat ion of kinds of s o i l r  
f o r  categories  above the aer ier .  

The limits of -8t propert ier  of soil s e r i e r  a r e  B 8 C  by the  limitr 
Sol1 Taxonom@ fa  t he  bar ic  reference 

It alro  ruggests limltr of many propert ier  rued i n  
' defining ser ies .  

During a s u y e y ,  t h e  taxonomic system is t es ted  m d  rete8ted many t imer:  The 
r e s u l t s  of these tes ts  a r e  reported at f i e l d  revieva md at the f i e l d  correlat ion.  
Problems in mapping o r  ident i fying r o i l r  and inconsirtencie8 betvem the 8Y.t- and 
observed proper t ie r  of t h e  s o i l s  are recorded in f i e l d  review repor t r  urd cor re la t ion  
memoranda. After  apprair ing these reporta,  supervisory m o i l  rcientirtr call m y  
inadequacies t o  the  a t t en t ion  of the of f i ce  responsible f o r  keepins the  ryrtem up t o  
date.  

Method. and convmtiooe fo r  dercr ibing and character iz ing moilr in the f i e l d  vi11 be 
described in Chapter 4. 
character izat ion.  Chapter 5 of th in  Unnual vi11 provide comreutionr urd guideline8 
fo r  defining and naming map unit.. So i l  Taxonomy definer  diagnort ic  p r o p e r t i u  and 
taxonomic classe8, and o f f i c i a l  de rc r ip t iom def ine  roilr aer ie r .  

e ap te r  8 vi11 dercr ibe rpec ia l  a t d i e 8  f o r  laboratory 

Order. of r o i l  rurpeyr vi11 be defined in Chapter 2. 

Uethods and comrrnntionr f o r  developiw and dimplaying r o i l  aerier interpretatioa8 
vi11 be described in Chapter 11. 

United S t a t e r  Department of Agriculture. 1975. So i l  Taxonomy: a bar i c  SY8t.o Of 
soil c la s s i f i ca t ion  f o r  making and in te rpre t ing  r o i l  rurveyr. 
636, 734 pp., i l l u r .  

U.S. Dcp: Agrlc. Handb. 
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Chapter 11 
Soil Interpretations 

Soil Interpretations 

Soil surveys are made to help people select the kinds of soil 
suitable for various land uses, choose uses for the soils they have, 
select the management or treatment needed for good performance of their, 
soils, and determine the potential of soils in terms of productivity or 
performance when given practices or technologies are used. 
cisions require soil interpretations. 
application of soil science to practical ends and justify the time and 
money expended to make the survey. 
tations has practical value only to those who have the background to 
make interpretations themselves. 
interpretations made for them. Many will use interpretations only if 
they are readily available and easily understood. 

Such de- 
Interpretations represent the 

A soil survey without interpre- 

Most people, however, need to have the 

Interpreting soils requires knowledge of agronomy, horticulture, 

Specialists in other disciplines work with soil scien- 
forestry , range management , engineering, and other disciplines besides 
soil science. 
tists in preparing criteria for predicting soil behavior. 
this is done by correlating known performance with key soil properties. 
The interpretations in published soil surveys must be tested continuous- 

Normally, 

1Y - 
Soil interpretations provide users of soil surveys with predictions 

about the behavior of kinds of soil under stated conditions. Interpre- 
tations predict potentials, limitations, management needs, and behavior 
or production or soils but are not in any sense recommendations for 
specific parcels of land. 

Good land use decisions depend on many factors in addition to the 
kind of soil. Decisions depend partly on the economic characteristics 
of a tract. Location in relation to markets and services, the pattern 
of associated soils, the skill of the operator, credit, and all of the 
attributes of land as real estate are important. 

Reliable interpretations result from a synthesis of (1) basic data 
about soils, obtained from laboratory research and from field obser- 
vations and experiments, and (2) the experience of users, especially 
fanners, ranchers, foresters, and engineers. A combination of evidence 
is best, so that predictions arrived at by reasoning from basic princi- 
ples are consistent with those arrived at throuqh experience. The more 
reliable the data are, the more reliable are the predictions. The more 
reliable and abundant the data are for interpretation under all 
reasonable uses, the more dependable are the results through the life of 
the survey. 
state, and federal agencies ensures that all data are available. The 
soil survey program also exchanges information with researchers in other 
countries to obtain the benefit of their findings on important kinds of 
soil. 

Cooperation with land-grant universities and other local, 
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Interpretations are made for specific purposes,and soil surveys are 
made to s e m e  those purposes. Interpretations for  one use rarely apply 
accurately to other uses. For example, the land capability classifica- 
tion system characterizes problems encountered in using soils f o r  common 
field crops and grazing. Serious errors result if this classification 
is used for other purposes, such as rating soil productivity. Produc- 
tivity may be high even though problems are severe. 

Purposes of interpretations 

Interpretations in soil surveys are made-- 

To give limitations and suitabilities of soils for specified 
uses. 
limitations for use because there are few soil limitations 
that cannot be.overcome if the user is willing to pay the 
necessary cost. 
erties that limit the use and the severity of the limitations 
created by these properties. 
relative suitability of soil and identify the characteristics 
of the soil that determine its suitability. 

The interpretations are most commonly in tenns of 

The interpretations specify the soil prop- 

Some interpretations specify the 

To convert the information assembled about kinds of soil into 
the forms and terminology used by other disciplines. Soils 
information expressed in engineering terminology, for example, 
is directly usable by engineers. - 
To identify the potentials of soils for specific land uses, 
including the uses conunon in the area and others that may be 
feasible. 
suitability among the soils in a specified area. 

Soil potentials are expressed in terms of relative 

To identify the manaqement needed to use different kinds of 
soil  effectively for various purposes. 
management concerns and conservation practices that affect 
production of crops are common interpretations of this type. 

Identification of 

To predict performance of soils in response to management. 
Tables of estimated yields and ratings according to suitabil- 
ity for specified uses are among interpretations of this type. 

Many kinds of interpretations ar.2 given for individual kinds of 
soil in modern published soil surveys. 
sented in tables. Significant interpretations are summarized in the map 
unit descriptions. Such suuunaries describe the most important limita- 
tions, suitabilities, and potentials of the soil and predict its perfor- 
mance, allowing the user to find much of the information needed about a 
given kind of soil in one place. 

Some interpretations are pre- 

Many interpretations can be summarized on maps that show the 
geographic distribution of soils having the same limitations, poten- 
tials, or'management nseds. 
behave alike as one kind of unit on the map. 

This is done by depicting all soils that 
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Predictive value of so i l . sumeys  

A soil taxon, such a s  a s e r i e s  or a phase of a series, has a set  of 
properties,  each having limits defined f o r  t h a t  taxon. IndiviZual s o i l  
properties a re  used by soil  sc ien t i s t s  i n  understanding and predict ing 
how spec i f ic  kinds of s o i l  are l i k e l y  t o  behave under spec i f ic  kinds of 
use and management. 
interact ion of a l l  propert ies ,  t h a t  makes a kind of soi l  unique and that 
determines i ts  behavior. 

However, it is n o t  any s i n g l e  property, b u t  the 

Single properties typ ica l ly  have poor predict ive value by them- 
selves. For example, high shrink-swell po ten t ia l  may be t h e  only 
s igni f icant  l imiting property f o r  building houses on some kinds of s o i l ,  
but other s o i l s  with high shrink-swell po ten t ia l  have even greater 
l imitat ions for houses with basements because they are shallow t o  
bedrock. 
s w e l l  potent ia l  are poor sites f o r  houses because of wetness, flooding, 
slope, or any number of other  character is t ics .  Some properties-such as 
slope, depth t o  rock, and natural  drainage-affect p rac t ica l ly  a l l  uses. 
Others, such a s  corrosion poten t ia l ,  a'ffect only a few uses and only 
under cer ta in  conditions. 

. 

On the  other hand, some kinds of s o i l  t h a t  have l o w  shrink- 

Each property of a soil  must be evaluated i n  r e l a t ion  t o  a l l  o f . t he  
other properties of t h a t  soil. 
taken in to  account, and many judgements are made i n  in te rpre t ing  the  
so i l s .  
a given use a re  l i s t e d  i n  published surveys. 
interaction of properties when using data d i r ec t ly  t o  make interpre- 
ta t ions.  

The interact ion of these propert ies  i s  

Generally, only those propert ies  t h a t  are the most  l imit ing f o r  
Users must consider t he  

Delineations on the  s o i l  map represent areas  on the  landscape, and 
most delineations have inclusions of soils other than the  one f o r  which 
the uni t  i s  named. Some of these inclusions d i f f e r  markedly from the 
major so i l .  
scale may be misleading i f  they are used without supplementary inves- 
t igat ion t o  predict  s o i l  performance i n  areas  too small t o  delineate,  
detai led s o i l  survey a t  a sca le  of 1:20,000 has del ineat ions mainly 
several hectares i n  size. 
terms of the general s u i t a b i l i t y  of these areas f o r  housing, Someone 
interested i n  a spec i f ic  l/lO-ha lo t  f o r  a house can determine from the 
interpretat ions t h a t  the  dominant s o i l  i n  a given del ineat ion is w e l l  
sui ted t o  homesites, but  t he  person cannot be sure  t h a t  the l o t  is on 
the  dominant so i l .  The l o t  may be on M included so i l  t h a t  is poorly 
sui ted t o  houses. 
investigations are needed. 

Soi l  in te rpre ta t ions  made f o r  del ineat ions a t  a given map 

A 

The s m e y  may be interpreted r e l i ab ly  in 

Thus, f o r  many kinds of land use ons i te  

Soi l  scientists have an obligation t o  those who use soil surveys t o  
point out the  occurrence of included soils and other f ac to r s  that 
influence the  appl icabi l i ty  of and confidence i n  soil surveys and their 
interpretations.  The heterogeneity in nature is fixed, and f a i l u r e  t o  
recognize it in  no way reduces i t s  magnitude. 
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Fonns of Interpretations 

t 

Some interpretations focus attention on the kinds of properties 
that limit given uses of soils and on how severely these properties 
affect those uses. 
that affect the soils' suitability for certain uses. Interpretations 
commonly rate the soil for the use and list the properties that restrict 
that use. This format allows users to determine the relevant informa- 
tion quickly. 

Other interpretations focus attention on properties 

Ratings comaonly reflect the influence of the properties of the 
upper 2 m of the soil, but reasonable estimates of properties to greacer 
depths can be given for some soils. During the survey many observations 
are made to depths greater than 2 m. All existing deep excavations are 
used to observe and record the properties at such depths. However, the 
nature of the deeper strata is not so well known as that of the soil 
horizons, and interpretation based on the predicted properties of these 
strata are less reliable. The limited reliability of these predictions 
should be noted in the interpretations. Geologists can assist in 
predicting properties of the material at greater depths. 

soil limitation ratings 

Soils are cownonly rated according to the degree of limitation for 
such uses as foundations for light structures, recreation, or waste 
disposal. Limitation ratings are usually based on the hazards, risks, 
or obstructions presented by the undisturbed soil. 
consider the difficulty of overcoming limiting soil properties. If the 
components of a complex or association differ in degree of limitation, 
they are rated separately; a suarmary rating for the whole unit may also 
be given. 

Some approaches also 

A three-class system is comnonly used. The rating signifies the 
degree to which soil properties lLnit the specified use. 
definitions are comtonly used: 

The following 

Slight limitations present no more than minor problems for the 
specified use. The soils give satisfactory performance with little 
or no modification, and any operations or design beyond what is 
normal for the use are simple and inexpensive. With normal mainte- 
nance, performance should be satisfactory for a period considered 
generally acceptable for the use. 

Moderate limitations do not require exceptional risk or cost for 
the specified use, but the soil has undesirable properties or site 
features. Moderate limitations require modification of the soil 
itself, special design, or special maintenance for satisfactory 
performance over an acceptable period. 
increase the cost of establishing or maintaining the use, but the 
added cost is generally not prohibitive. 

The needed measures usually 
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Severe limitations require exceptional cost or risk to adapt the 
soil to the specified use. 
that special design, a significant increase in construction cost, 
and possible increased maintenance are required for satisfactory 
perfonnance over an acceptable period. A limitation that forces 
removal and replacement of the soil would be rated severe. 
rating of severe does not necessarily imply that the soil cannot be 
adapted to the use, but the cost of overcoming the limitation is 
high. 

The soil properties are so unfavorable 

A 

Some soils have such extreme limitations that they must be avoided . 
for certain uses if a reasonable alternate site can be found. Such 
soils have one or more features so unfavorable for the use that the 
limitation is extremely difficult and expensive to overcome. 
example, bedrock at shallow depth or frequent flooding of long duration 
are extreme limitations for onsite sewage disposal and underground 
utilities. 
cases. 

For 

A rating of very severe is sometimes applied to such extreme 

Limitation ratings are given for each kind of soil. For some 
areas, small-scale maps can be designed to show the geographic dis- 
tribution of limitation classes for a specific use. Such maps are 
useful mainly to show the extent of soil problems, Unless the maps 
identify the kind of limitation (flooding, wetness, depth to rock), they 
have limited usefulness for planning. 
use, is generally not valid for other uses. 

Such a map, made for a single 

Soil suitability ratings 

Soils are comonly rated according to their degree of suitability 
for such uses as roadfill, daily cover fo r  landfills and topsoils. 
Suitability ratings are based on the characteristics of the soils as 
they influence any needed excavation and grading as well as performance 
as finally placed. 

A three-class system is coamronlv used. Good soils have properties 

Fair soils have one or more properties that make 
favorable fo r  the specified use: good performance and low maintenance 
cost can be expected. 
the soil less suitable than those rated good. soils have one or 
more properties that are unfavorable for the specified use; overcoming 
the unfavorable properties requires special design, extra maintenance, 
or costly alteration. 

Other ratings 

Ratings of limitations or  suitability are not feasjble for some 
uses. 
be rated only to show the probability of finding material in suitable 
quantity. For some uses,’the restrictive features may be given without 
a rating, for example, features affecting use of the soil for irrigated 
cropland. Merely noting features can be helpful to users, especially if 
important interactions of properties are not overlooked. 

For sand and gravel for construction material, a kind of soil may 
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Management needs groups 

Interpretations of soils identify the kinds of practices needed to 
achieve acceptable performance, especially for the most extensive land 
uses. "he most critical management needs are connnonly given in the 
description of the map unit. In addition, management groups can be 
described for various uses. 

Interpretations must clearly identify the kinds of practices needed 
for  different kinds of soil, but they do not make specific 
recommendations. Rather, interpretations emphasize the general kinds of 
practices needed. 
crops. 
for a septic tank system. 
soil is to be drained or the size of the absorption field are not 
provided. 
its specific characteristics and the objectives of the land user. Many 
other factors must also be considered, such as the pattern of soils 
within the tract, the ability of the operator, the available resources, 
and the nature of the operating unit. 

A soil may need artificial drainage to be used for 
Another soil may need an exceptionally large absorption field 

However, specific statements about how the 

Such decisions must be determined for each tract according to 

Knowledge and technology of soils change. New and better practices 
are developed, and existing practices are modified to acconrmodate new 
technology. Consequently, interpretations that give specific practices 
would eventually become obsolete. 

Technical guides that give details of designs or design criteria 
fo r  structures and management practices are prepared for those who work 
with land operations. These guides provide information for kinds of soil 
and uses comon in the area. Some give cost estimates. Technical 
guides must be revised periodically. 
to the conditions and resources of specific tracts. 

Users must adapt the information 

Management systems consist of sets of practices, each of which 
contributes to the effectiveness of the others. 
rarely fully effective unless it is used in combination with other 
practices that release its full benefit. 
ment may be about equally effective. 
be substituted for others in a set. 
wastes, for example, can at least partially substitute for conrmercial 
fertilizer in supplying nitrogen to crops. 

A single practice is 

Alternative systems of manage- 
Alternative practices can commonly 

Nitrogen-fixing legumes or animal 

Groupings of soils according to knagement needs can present 
interpretations conveniently. Soils in a capability unit, for instance, 
have similar problems and manaqanent needs for certain types of farming. 
Other groupings may be more useful for other kinds of farming. 
sites are management groups for grazing. 
rate soils for production of trees. 
basis of similarity of management needs for many other uses. 
for one kind of use generally will not s e n e  as an effective grouping 
for another kind. 

Range 
Woodland ordination groups 

Other groupings can be made on the 
A grouping 
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Management can be described f o r  these groups of so i l s .  Some sorts 
of management can be presented i n  tables; other sorts require narra-  
t ives .  The s o i l s  i n  a group a r e  not expected t o  have ident ical  manage- 
ment needs. 
a l l  of the  so i l s .  
are  the descriptions of management needs. 

'of individual s o i l s  can be noted either i n  the description of the group 
of i n  the descriptions of the  individual soi ls .  

However, the  needs described for each group must apply t o  
The broader the  groups, generally the less spec i f ic  

Specific d e t a i l  about needs 

0 

The number of management groups needed f o r  a kind of in te rpre ta t ion  
depends on the range of s o i l  propert ies  i n  the area,  the in tens i ty  of 
use, the purpose of the grouping, the audience f o r  which it is intended, 
and the amount of information avai lable  about managing s o i l s  f o r  t h a t  
use. The advantages of management groupings can be destroyed by making 
the groups e i the r  so broad t h a t  the soils w i t h i n  a group differ  great ly  
i n  t h e i r  needs or so narrow that the  number of groups is l a rge  and t h e i r  
differences small. 

Interpreting Higher Order Surveys and General So i l  Maps 

The uni ts  on higher order maps and general s o i l  maps are mainly 
associations of contrasting soils. 
performance commonly d i f f e r  grea t ly  among the major kinds of soil  i n  
these map uni t s  (See Chapter 2) .  Interpretat ions of these u n i t s  re- 
quires ra t ing  the individual s o i l s a n d  assessing the  e f f ec t s  of each on 
the use,  management, and performance of the other s o i l s  and of the whole 
area. These u n i t s  can be interpreted re l iab ly  i f  the  kinds, pro- 
portions, and pat terns  of const i tuent  soils i n  the  map un i t s  are well 

Limitations, management needs, and 

-.- 

b defined. 

The level  of generalization of a soil map and of the  s o i l  taxa i n  
terms of which its un i t s  are defined strongly a f f ec t s  the l eve l  of 
generalization a t  which in te rpre ta t ions  can be made, 
t h a t  shows associations of phases of soil  series, the  range of 
properties of each consti tuent of a map un i t  is small. 
management needs, and performance of each consti tuent can be predicted 
as specif ical ly  as f o r  the same kind of s o i l  on a f i r s t  or second order 
map unless t h e  phases are defined i n  terms of broad ranges of slope or 
texture. If the proportions and patterns o f  s o i l s  i n  the map u n i t s  are 
defined accurately, the e f f e c t  of each on use of the others and on the  
map uni t  as  a whole can be predicted reliably.  

On a l:SO,OOO map 

The l imitat ions,  

On a 1:1,000,000 map that shows associations of phases of sub- 
orders, the range of propert ies  of each consti tuent i s  large. 
t ions and poten t ia l s  of each const i tuent  can be predicted only i n  
general terms, and in te rpre ta t ions  of t h e i r  e f f ec t s  on use, management, 
and performance of the map u n i t  must be correspondingly general, 

Limita-  

General s o i l  maps provide information a t  the  same l eve l  a t  which 
some land use decisions a re  made. 
decisions depends on the size of the  areas  f o r  which decisions are 
needed. Thus, the s i ze  of these areas determines what leve l  of gener- 

I n  turn,  the scope of land use 
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a l i za t ion  is  needed for s o i l  interpretat ions.  The s ize  of delineations 
on the map corresponds w i t h  the leve l  of generalization of interpreta- 
t i o n  for such e n t i t i e s  a s  operating u n i t s ,  cammunities, and regions. 
These terms r e fe r  t o  the s i ze  of t h e  areas  f o r  which unique interpreta- 
t i ons  a re  needed,. not t o  the area represented by the whole map. 

Operating un i t s ,  such as farms, and ranches, are  mainly a few 
hundred hectares t o  several hundred square kilometers i n  s ize .  Map 
u n i t s  a r e  mainly associations of s o i l  se r ies .  Soi l  maps of this kind  
a r e  used by farm advisors, credit agencies, planners, and others ,  who 
a r e  in te res ted  i n  t h e  s u i t a b i l i t i e s  and l imi ta t ions  of s o i l s  i n  indi-  
vidual or contiquous operating units.  

A t  l e a s t  two steps a re  required t o  in t e rp re t  map un i t s  of t h i s  
kind. -First, the individual k i n d s  of soi l  i n  each association a re  
interpreted and rated for a given use. Then the interaction among the 
s o i l s  and the combined ef fec ts  of a l l  of t h e  soils on the  use, manage- 
ment needs, and expected performance of the  map uni t  a re  estimated t o  
a r r i v e  a t  a prediction f o r  the  whole association. 

A t  t h e  commnity leve l ,  delineations represent areas of thousands 
The map uni t s  are commonly or t ens  of thousands of square kilometers. 

associat ions of s o i l  families, subgroups, or grea t  groups. So i l  prop- 
erties have a wide range i n  most delineations.  
general ,  but they provide reliable, informative predictions f o r  t h e i r  
purposes. 

Interpretations must be 

Interpretat ions a t  this level  appraise the s o i l  resources of en t i r e  
communities, secondary or tertiary watersheds, and other large areas 
t h a t  include many, and i n  some places diverse,  operating uni ts .  These 
maps a re  used for  regional planning and other  purposes t h a t  require 
consideration of areas larger  than individual operating units.  
undeveloped regions? maps of this kind are used t o  ident i fy  large areas 
t h a t  a r e  su i tab le  f o r  development. 

I n  

The predictions require consideration of t h e  improvements needed t o  
overcome s o i l  l imitations.  The analysis separates  the more pennancnt 
type of improvements-such a s  drainage, i r r i g a t i o n ,  reclamation of 
sal ine or alkal ine so i l s ,  and flood protection-from the recurrent 
types--such a s  f e r t i l i z i n g ,  using improved seed, land leveling, and 
maintaining exis t ing drainage and i r r i g a t i o n  systems. Predictions 
specify the  par t icu lars  of the  improvements and are based on intensive 
s tudies  of sample sites. 

The interpretat ions of a heterogeneous map uni t  a t  the camunity 
l e v e l  can be done i n  e i the r  of two ways. If component associations of 
s o i l  series can be ident i f ied,  they can be interpreted as for operating 
uni t s .  Then the combined e f f ec t s  of t he  s u i t a b i l i t i e s  and l imitat ions 
of the component associations on the use, management, and performance of 
t he  e n t i r e  map un i t  can be appraised. The exten t  and potent ia ls  of.each 
component and the way the components intermingle must be considered. 
The procedure is  similar t o  t h a t  described f o r  interpret ing maps a t  the 
l eve l  of operailing units.  

11-8 

(430-V-SSM, May 1985) ' 



Interpretations can also be derived directly from the characteris- 
tics of the taxa that define the map unit. An area might be identified 
as "Ariguistoll-Arigiaqoll-Haplustoll association on dissected, un- 
dulating, loess-mantled plains." The relevant properties of each great 
group are described and its suitabilities and limitations are predicted. 
Then the use, management, and performance of the association as a whole 
can be evaluated on the basis of the proportions and the geographic 
patterns of the great groups. The final appraisal is necessarily 
general because much of the local detail is not known. 

Usually a combination of both approaches is used to interpret soil 
Associations of soil series might associations at the community level. 

not be formally identified as components of the map units, but usually 
something is known about the local soil pattern based on sample lo- 
cations. This information is used in evaluating areas dominated by 
individual taxa. 
associations is considered in making predictions about the map unit. For 
soil maps prepared by generalizing detailed sumeys, local associations 
of soil series can be easily identified and treated as components of map 
units. As the detail of field investigations decreases in higher order 
maps, greater dependence must be placed on understanding the kinds, 
proportions, and patterns of taxa above the series, 

Whatever is known about the geography of these local 

Soil maps of regions at scales of up to 1:1,000,000 are made to 
appraise the soil resources of very large areas, 
cover continents, large nations, or groups of nations. The delineations 
represent areas coverinu tens of thousands to millions of square kilome- 
ters and commonly correspond to natural regions. 
usually very heterogeneous and are identified as associations of orders, 
suborders, or great groups. 

The maps commonly 

The map units are 0 
Interpretations of such units are necessarily general. The kind 

and specificity of interpretations vary widely, depending on the infor- 
mation available about the kinds of soil and about factors that deter- 
mine their character and distribution. The infonnation about soils is 
commonly least abundant, and the delineations least precise, for fifth 
order maps and for schematic maps made without direct field investiga- 
tions. Nevertheless, interpretations of such soil maps can be of value 
if all information is used fully and if its limitations are understood. 

The units on many maps of regions are associations of suborders, 
which indicate many soil properties that are important for broad 
interpretations, The soil moisture regime, for example, can be 
identified or inferred for most suborders, such as Udults, Wstults, 
Xerults, and Aquults. 
some, such as Tropepts, and Boralfs. This information can be converted 
to certain broad interpretations, such as the kinds of plants that grow 
well. 

The soil temperature regime can be identified for 

If the names and descriptions of map units provide information 
about relief, 
erties beyond 

physiography , 
those implied 

parent material, and critical soil prop- 
by the names of the taxa, more interpre- 
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tations are feasible. For example, the name "Tropepts and Udults on 
maturely dissected basalt plateaus- allows reasonable estimates of 
temperature, moisture regime, acidity, texture, slope, runoff, 
erodibility, drainage, and relative fertility of the principal soils. 
General predictions about the use of the map unit and some of the main 
limitations and suitabilities can be derived from such information. 

Interpretation of regions involves (1) assembling all of the 
infomation available not only about the soils and their distribution 
but also about attributes of the area that suggest soil properties and 
distribution, (2) deriving the inferences that affect interpretation, 
( 3 )  appraising the principal kinds of soil in each map unit for each 
kind of interpretation, and (4) integrating these appraisals into 
predictions for the map unit as a whole on the basis of the proportions 
and patterns of the major constituents. 

The procedures are the same in principal as those described for 
interpreting operating units. However, interpretations at this level 
depend heavily on inference, which should be verified by observation if 
possible, 
consistent with the confidence the interpreter has in the original data 
and in inference drawn from them. If much detailed information is 
available about kinds of soil and their distribution within the region, 
interpretations can be based mostly on facts rather than on inference. 

the predictions should be at a level of generalization 

The units on higher generalized maps derived from more detailed 
soil s m e y  maps can be described as geopgraphic combinations of 
associations of soil families, subgroups, or great groups. These 
combinations can be interpreted by appraising the effects of the less 
generalized map units on the larger areas. 

Soil Potential Ratings 

Soil potential ratings provide a systematic means of evaluating the 
relative suitability of the soils in an area for various land uses by 
predicting the soils' performance after modern technology has been 
applied to Overcame their limftations, 
ability of the soils to produce, yield, or support a given structure or 
activity at a cost expressed in economic, social, and environmental 
units of value. 
ratings, either in a set of classes or on a n-rical scale. 

Soil potential is defined as the 

The potentials of the soils in an area are presented as 

In any area, land is needed for certain uses, and ft is in the 
public interest to identify the tracts that have the best potentla1 for 
these uses. Natural resources have limfts, and the potential for 
development of the natural resources, as well as associated cnviron- 
mental and aesthetic values, 1s closely related to these limits, For 
most areas, soil surveys are the most detailed studies of the natural 
resource base, identifying many soil properties that control other 
resources. Many of'these some soil properties also directly affect land 
uses. 
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Presentation of soil limitations alone tends to focus on the avoid- 
ance of problems and may result in the rejection of some areas for a 
qiven use even though feasible measures are available to overcome the 
limitation and achieve good performance. 

For example, a community may have large areas of nearly level so i l s  
that are excellent for farming and are also the best soils for urban or 
other nonfarm development. 
sloping soils that are poor for fanning and that have severe limitations 
for nonfarm uses because of the slope and the erosion hazard. 
a strong tendency for urban development to proceed on the soils that are 
best for fanning. If farming continues in the areas, it is increasingly 
shifted to the poorer soils.  
soils for urban uses may be a costly error. 

The community also has large areas of 

There is 

Such a premature rejection of the sloping 

Using the soil potential approach in land use planning, a thorough 
evaluation of the measures needed for the most effective use of the 
sloping soils for urban uses would show that those measures are not 
prohibitively expensive and are relatively successful in overcoming the 
limitations. 
and for residential development and would be rated as having high 
potential for both uses. 
both uses, but they would be rated as having low potential for farming 
and medium or high potential for residential development. 
clear-cut choice, the community could decide to direct urban development 
to the sloping soils and accept a temporary increase in sediment 
production during construction-held to a minimum by the latest control 
practices--as well as slightly higher construction costs in order to 

The nearly level soils have slight limitations for farming 

The sloping soils have severe limitations for 

Faced with a 

@ perserve the prime farmland. 

Soil potential ratings for a survey area are of greatest value in 
local planning. 
which the poorest for land uses considered important locally. 
Individual landowners may need comparative ratings of every soil showing 
which have the best potential for meeting their objectives. 
soils in k specific tract may be among those with low potential in the 
survey area. 
plans for the land or to find another area that has soils with higher 
potential. 

They indicate which available soils are the best and 

The best 

With t h i s  information they may decide to chanse their 

A similar comparison can be made of the quality of soils within a 
specified distance of a developing connnunity or city. 
to look closely at what can be done near current development where 
normal growth would be expected before deciding to discourage growth 
nearby and encourage it in more distant areas. Patings can also be 
developed for larger areas, such as groups of counties, watersheds, 
states, river basins, or nations. The choice of land uses to be rated 
and the criteria to be used must be keyed to a clear definition of the 
objectives and anticipated uses of the soil potential ratings. 

Planners may need 

At any scale, soil potentials provide a ranking from best to worst 
among the soils within the areas being considered. Soils that are.rated 
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high within a small area may be rated medium or even low in a larger 
area. For example, around New Orleans, Commerce soils are among the 
best fo r  dwellings. 
and a moderate limitation caused by wetness, but they are at higher 
elevations and have lesser hazards of flooding and wetness than the 
other soils in the area. 
characteristic of many of the other soils. 
tial for dwellings in the New Orleans area. 
Coastal Plain, however, Comnerce soils are among the poorest for dwell- 
ings: and in a set of ratings for a group of states, they would have low 
potential. 

They have a severe limitation caused by flooding 

They are also free of the subsidence that is 
Thus they have high poten- 
In other parts of the 

In rare cases it may be considered appropriate to rate all of the 
soils in the area low, or low and medium, for a given land use. The 
main justification would be that the land use is not considered essen- 
tial in the areas (or only a few land users consider it important) and, 
based on experience, the soils are marginal for that purpose. Usually, 
ratings of soil potential are not made for such purposes. 

The choice of land uses to be rated is made by those local author- 
ities not involved in local land use issues. Uses that are considered 
essential or inevitable in the area should be rated. The soil survey 
itself may identify potentials that had not been appreciated. For 
example, it might find that scattered small areas occur where the so i l s .  
are uniquely suited to walnut trees, and such use might contribute 
substantially to the economy of the area. 
local authorities may have directed that all new residential development 
of four or more dwellings be served by central sewage systems. However, 
if the survey finds that septic tank systems perform well on some soils 
if lots are at least one-half acre in size, the local planners MY 
change the policy. 

For another example, the 

Ratinus of soil potential are generally made without considering 
existing transportation systems or other important facilities or at- 
tractions. 
the limitations and potentials of the natural resource base should be 
kept separate from the effects of previous activities in the area. 
course, consideration of location is essential in later stages of 
planning. 

For planning to be most effective, basic investigations of 

Of 

Procedure for rating soil potential 

Identifying important soil properties that influence a land use is 
the first step in rating the potential of the soil for that use. 
unfavorable properties and those that are favorable are identified. 
These properties will normally be the same as those considered when soil 
limitations are rated. 

Both 

The important properties are identified in two basic ways. First, 
performance or productivity is observed, sometimes over long periods, on 
specific kinds of soil so that relationships between properties and 
response can be noted. Second, research finds many such relationships. 
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As a part of this step, it is necessary to identify certain crit- 
ical points in the range of each significant property for each land use. 
One of these points identifies soils for which the property is not 
limiting. 
water table more than 60 cm below the surface does not interfere with 
planting, germination, growth, or harvesting; for alfalfa, this critical 
depth is much .deeper, perhaps 120 an. 
the seasonal high water table may be 75 an for dwellings without base- 
ments and 2 m for dwellings with basements. 
required where the seasonal high water table is below these depths, but 
where it is higher there will be some reduction in yield or performance. 

For example, for the production of soybeans a seasonal high 

Likewise, the critical depth to 

No special practices are 

As the seasonal high water becomes progressively shallower, yield 
or performance declines; at some depth the water table so drastically 
affects yield or perfonnance that the specified use is essentially 
precluded. 
than this limit generally cannot be used for the purpose without special 
practices. 
properties are between these two critical points.) 

This depth is another critical point: Soils that are poorer 

(Corrective practices may also be needed for soils whose 

Generally, the first point identifies slight limitations and the 
latter identifies severe limitations. 
have a moderate limitation. Soils in any category may have good poten- 
tial, depending on the feasibility of overcoming the limitations and on 
the quality of the other soils in the area. 

Soils between the critical points 

. 

The extent to which a given property is limiting, and in many cases 
the practices that can be used to overcome the limitation, is influenced 
by other properties of the soil. An example is the low strength of some 
silty soils of low density. 
limited for dwelling foundations; but if the seasonal high water table 
rises to within one or two feet of the foundation, low-strength soils 
may be decidedly limited for this use. When limiting soil properries 
are identified, and whekthe degree of limitation is being judged, all 
significant interactions must be carefully considered. 

Such soils, if well drained, may not be 

Identifying corrective measure is the second major step in rating 
soil potential. For most limiting soil properties there are some 
changes that can be made in the soils, in their management, or in the 
kind of construction used that will minimize unfavorable effects. For 
many soils there are alternatives in practices or systems of management 
that may be about equally effective in maximizing perfonnance. 

A single practice may not be fully effective unless it is used in 
combination w i t h  other practices t!at pennit it to function a8 intended. 
Such sets of practices are called Bystems of management. 
practices can commonly be substituted for some of those in a set. 
Growing nitrogen-fixing legumes in the crop rotation and applying animal 
wastes, for example, can at least partially substitute for nitrogen from 
commercial fertilizer in crop production. 
without basements on integral slab foundations instead of having rein- 
forced basement walls. All alternatives that appear to be applicable for 
each land use should be listed during this step. 

Alternative 

Dwellings can be built 
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The identification of practices to overcome soil limitations must 
involve engineers, biologists, agronomists, and members of other disci- 
plines in whose expertise is the basic understanding of the practices. 
The main role of the soil scientist is to inform other experts about the 
,nature of each soil in sufficient detail that the applicability of the 
corrective measures to the soils can be judged properly. Attention is 
focused on the kind and degree of the limiting soil properties and 
experience with the corrective'measure on similar soils. 

The most corrrmon source of information about corrective measures is 
cases in which the practices has been successfully used. To discover 
that a given practices works on a given kind of soil is the strongest 
possible evidence of its applicability. 
similar soils that have the same kind and degree of limitation is also 
good evidence. 
performance of practices is very useful. 

That the practice has worked on 

Of course, research that relates soil properties to the 

, One of the principal objectives of soil-related research and field 
trials is the identification of new practices that can be used on 
specific soils to maximize production or performance. Ratings of soil 
potential must identify the kinds of practices required to achieve the 
potential, including alternative practices-as appropriate. Ratings 
should be dated, and users must recognize that the ratings do not 
consider practices developed after the ratings were made. As new 
practices are developed, their impact on the existing potential ratings 
should be evaluated. 

It is also the job of the soil scientist to be fully informed about 
the results of practices on the same soil or similar soils in other 
areas. 
experience or research may have been carried out within the soil scien- 
tist's work area or far away. A systematic means of data collection to 
record the performance of practices on given kinds of soil is essential. 
With this information the soil scientist can provide valuable assistance 
to the local specialists, first by relating his or her knowledge of 
practices that have been successful on given soils elsewhere, and second 
by indicating those local soils on which specific practices should be 
effective. Members of the other disciplines may also be familiar with 
new practices in use elsewhere an8 should work with the soil scientist 
to determine if the practices may be useful locally and on which soils. 

A substantial effort is required to do this, for the field 

The soils scientist must avoid the impression that he or she is 
endorsing or recommending radical departures from current local prac- 
tice. However, the discussions that lead to developing lists of 
alternative measures or management systems prwide a good opportunity 
for the soil scientist and the local specialists to learn from each 
other. 

Determining the cost or difficulty of overcoming soil limitations 
is the third step in rating soil potential. 
consider only the performance of the soil after the corrective measures 
have been installed. Two soils may have exactly Lhe same potential crop 
yield, but production costs on one of the soils nay be twice that on the 

It is not sufficient to 
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other. 
requires special corrective measures costing $3,000 over and above the 
normal costs would not have the same potential as soils that require no 
special practices or costs. 

This principle also applies to nonfarm uses. A soil that 

The costs of corrective measures and the extent to which these 
costs should influence ratings of soil potential are determined by local 
specialists? usually specialists other than the soil scientist. Persons 
who are well informed about the costs locally of construction, earth- 
moving, or other pertinent elements required for the installation of 
practices are consulted. 
until all applicable measures have been identified. 

Generally, costs should not be considered 

Because costs change, a scale based on the relative costs of 
corrective measures is generally desirable. 
is presented below-- 

An example of such a scale 

. Costs and Cost Indices for Septic Tank Systems 

System 

Standard field 
Seepage pit 
Field with curtain drain 
Field with under-drain 
Field with under drains and 

Field with dentrification barrier 
pressure dosing 

and pressure dosinu 
Mound with trenches 
Mound, thick, with trenches 
Mound with bed 

Aver age 
cost - 

$1,200 
1 , 200 
1,450 
1,700 

2 , 0.50 
2,260 
2,400 
2,700 
2,700 

cost 
Index - 
100 
100 
120 
140 

170 

180 
200 
2 20 
220 

If very high costs of overcoming the limitations are judged by the 
local specialists to be prohibitive, the soil is rated as having low 
potential for that use. Information about costs may be enough of a 
deterrent to cause landowners to change their plans for use of the land. 
More importantly, local planners may decide that the use should not be 
permitted because it far too expensive to install the required correc- 
tive measures. 
providing a valid basis both for regulation and for planning. 

Thus the information contributes to good land use by 

Identifying limitations that exist after measures have been in- 
stalled is the fourth step in rating soil potential. Some practices are 
fully successful in overcoming limitations on some soils: Once they 
have been installed, performance is  as good as that of soils that do not 
have the limitations, or even better. For example, in some areas 
wetness severely limits crop yields on certain poorly drained soils but 
not on nearby better drained soils. ,After drainage, however, the once 
poorly drained soils become more productive than the others. 
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For some soils, however, no corrective measures are available at 
Although acceptable cost to fully overcome the existing limitations. 

feasible practices may substantially lessen the effects of undesirable 
soil properties, problems remain, such as undesirable off-site effects. 
For example, under-drains can lower the seasonal high water table in 
septic tank absorption fields, but the water in the drains is likely to 
be contaminated by nitrates from the effluent. 

Continuing limitations can be identified by a review of local 
experience with the practice on specific soils. Local agencies such'as 
the health department may have to interview homeowners, or they may be 
able to review nuisance complaints and relate continuing limitations to 
kinds of soil. A systematic method of collecting such data by kinds of 
soil and specific practices on a multicounty or multistate basis is 
needed. 

Assigning ratings of soil potential can proceed after the prior 
steps have been completed. The ratings provide a scale of relative I 

quality of the soils in an area, usually a single soil survey area. The 
relative scale gives a generalized, simple answer to the question, which 
soils are the best and poorest for a given use? 
will normally be rated as having high potential for a given land use, 
even if all of the soils have sevqre limitations. 
soils are more easily treated than others. 
this important distinction. 

Some soils in an area 

Some severely limited 
Soil potential ratings make; 

W o  general kinds of rating system can be used to present soil 
potentials. 
potential of the soils, and the other uses qualitatively defined classes. 
The numerical system shows small differences between soils. 
qualitative system places all soils into three to five classes of 
potential. Generally, the qualitative system is derived from the 
numerical soil potential indices (SPI) and represents a sumary of the 
numerical system. 

One system uses numerical indices to designate the relative 

The 

Numerical rating systems assign points to those soil properties 
that influence performance. 
properties or site conditions, and others assign points based on favor- 
able properties or conditions. 

Some assign penalty points to limiting soil 

The soil potential index (SPI) is developed using the formula: 

SPI - P - CM - CL 
In this formula, E represents the standard of performance or yield 

as locally defined. 
be used. 
bushels per acre. 
of management, or production and installation costs, and of maintenance 
requirements. 
ences between soils. 

An index value of 100 is cOmmOn, but any number can 
In one case, P was set at 36 to represent yield of soybeans in 

The definition of P is based on established standards 

P is modified by the other factors to account for differ- 
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CM is the index of costs of corrective measures used to overcome or 
reducTthe effects of soil limitations. 
above the standard set established in the definition of P are included 
in CM. 

Only those measures over and 

If feasible corrective measures are not fully successful in over- 
coming unfavorable effects of s o i l  limitations,the performance of a soil 
does not meet the standard defined in P. Recognition of such continuing 
limitations (CL) is important judging the relative quality of soils. An 
index reflecting costs for annual or periodic maintenance, for inconve- 
nience or  aggravation, and for substandard yield is established as CL. 

In developing a soil potential index, the latest practices that are 
judged to be feasible locally are established as corrective measures for 
individual soils. 
keeping abreast of measures which have been proven effective on specific 
so i l s  in other areas. 
recognize important new techniques that are likely to prove effective on 
soils in the area. 

The soil scientist can be of most assistance by 

Then he or she can help local specialists to 

A system developed for rating soil in the Mediterranean area for 
various crops has some features similar to the soil potential format. 
Eight textural groups are assiqned basic numbers according to their 
relative quality. 
calcium carbonate content salinity, drainage, soil depth, type of 
epipedon, slope, and degree of profile development- 
adjustment depends on the crop being rated; for example three groups of 
crops are rated separately for salinity--very sensitive, sensitive, or 
tolerant to salt. 
ratings for unfavorable properties. 

These numbers are then adjusted downward according to 

The size of the 

Decimal factors are designated to adjust downward the 

In using numerical rating systems, a &jor concern is ensuring that 
important interactions are not overlooked. 
tendency to attribute too much significance to small differences in 
numerical indices. On a scale of 0 to 100, a difference of 5 or 10 
units may not indicate a real difference in performance or productivity 
between soils. 
ly when numerical systems are used or explained. 

Another problem is the 

This degree of uncertainty should be considered careful- 

Qualitative ratings of soil potential place soils into a few 
classes by comparing,their properties to those necessary to meet spec- 
ified requirements. The following definitions of a three-class system 
illustrate common criteria: 

High Soil Potential: The soil has a combination of properties that 
meet or exceed all of the critieria listed below that apply to the' 
land use. 

1. The soil ha6 f e w  limitations, or practices for overcoming the 
limitations are available at reasonable cost. 

2 .  Crop production is profitable and at least average for the 
area using locally proven management systems or those shown by 
research or experience elsewhere to he applicable. 
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For other uses, performance of the soil is satisfactory, or  as 
good as or better than local standards, using locally proven 
practices or systems or those shown by research elsewhere to 
be applicable. 

Environmental valuesr both on and off the site, are maintained 
at a level that is better than average for the area. 

After corrective measures have been installed, any continuing 
soil limitations do not a'ppreciably reduce>production, perfor- 
mance, or environmental values. 

Medium Soil Potential: The soil has a combination of prop- 
erties intermediate between those qualifying for high poten- 
.tial and those qualifying for low potential. Production is 
somewhat below local standards, or cost of corrective measures 

-is high, or continuing limitations after measures have been 
installed detract from environmental quality or economic 
return. 

Low Soil Potential: 
such that at least one of the following criteria is met, 

The soil has a combination of properties 

Serious soil or site limitations exist and practices for 
overcoming them are not available or are considered locally to 
be too expensive. 

Crop production is substantially below the local average and 
is economically marginal or submarginal. 

For other land uses, performance of the soil is below local 
standards or below the normal expectations of the land user, 
even under the best available management. 

Environmental valuesr on or off the site, are excessive when 
in use. 

After corrective practices have been installed, serious 
continuing soil limitations affect the use. 

Some areas need a five-class system. Very high potential distin- 
guishes soils that have few or no limitations affecting the land use. 
Only standard practices, systems, or designs are needed on these soils.  
On soils with high potential, then special practices involving some 
additional cost are needed, although performance may be as goad as that 
on soils that have very high potential. 

Very l o w  potential is used for soils so aeverely limited that they 
cannot be converted to even marginal performance for the use. 
cases, little effort is required to exclude the land use from soils that 
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have very low potential because their limitations are obvious. Soils 
with low potential can be made to perform, though only marginally, at 
high cost  or with serious environmental degradation either on or off the 
site. 

Presenting Potentials 

Several kinds of format can be used to present ratings of soil 
potential. A n  indication of the kinds of practices needed to achieve 
the potential is essential. Any continuing hazards should also be 
identified. If the potentials for a single land use are presented in 
tabular fonn, three columns can be used following the names of the 
soils: Soil potential, Corrective measures needed, and Continuing . 
limitations. If a single sheet is used to present all interpretations 
for a given soil, the land uses are listed on the left followed by the 
same three columns. 
presented for each use in the same table. 
can also be given in map unit descriptions. 

The degree and kind of soil limitation can be 
Ratings and other information 

One of the desirable results of the deliberations required to 
develop a soils potential system is the extensive local contact between 
members of the disciplines involved. 
from these discussions is important in translating resource data into 
rational land use. 

The understanding that results 

Land Use Planning 

Land-use planning is the formulation of policies and programs for 
guiding public and private land use in areas of any size where different 
uses compete for land. 
serving as an introduction to the natural resources of the area and (2) 
providing data for evaluation of the environmental and economic effects 
of proposed land uses. 

Soil surveys help in land-use planning by (1) 

Soil surveys are interpreted for land-use planning through group- 
ings or ratings of soils according to their limitations, suitabilities, 
and potentials for specified uses. 
objective evaluation of soil properties. They offer no advice and make 
no plans. 
form the sole basis for decisions. Soil interpretations can be used to 
identify possible developments and their' related economic opportunities 
and to predict the effect that such developments would have on the 
environment. 

The interpretations are made by 

They strongly influence planning decisions, but they do not 

Groupings of so i l s  are sometimes called 'land classifications,' but 
"soil classifications" would be a more appropriate texm in this context. 
The word "land" implies many attributes of place and other factors 
beyond the soil. Planners must consider place, size of area, relation 
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to markets, social and economic environment, skill of the land users, 
and other factors besides the soil to prepare a classification for 
land-use planning. 

Regional planninq deals with problems of areas that cover several 
counties or states and that cannot be resolved by local political units 
acting independently. The principal functions of regional planning are 
the collection, analysis, and dissemination of basic'planning and 
engineering data on a continuing, uniform, area-wide basis; preparation 
of a framework of long-range plans for the physical, social, and economic 
development of the region: and provision of a center for the coordination 
of the many activities of planninq and implementation carried on by the 
agencies of the governments within the region. 

Regional planning requires a broad perspective, and large areas are 
Soil maps for these purposes usually have 

These small-scale maps are commonly generalized from soil 

evaluated for potential uses. 
a scale of 1:250,000 or smaller and the map units are generally soil 
associations. 
survey maps at scales of 1:24,000 or larger, although surveys at scales 
of 1:63,360 or 1:62,500 can also be used. 
detailed soil maps and their interpretations to show the dominant 
conditions of large areas without creating a false impression of uniformity. 
For areas that do not have detailed soil sunreys, soil maps are made by 
reconnaissance methods with units defined as associations. Descriptions . j  

and interpretations of the soil resources of large heterogeneous areas 
must be in term that planners understand for the infornation to be 
used. 

Skill is needed in generalizing 

Most soil maps for regional planning have delineations the size of 
communities. 
in suitabilities and limitations for the principal competing uses. The 
distribution of units having similar ratings for a given use are 
commonly shown on special maps, and the text describes the units and 
explains the basis for the ratings. 

Interpretations show the differences between these areas 

For some purposes, planners need information about the differences 
in potentials of the soils within the generalized delineations. Tables 
can be prepared showing how much of each map unit has high, medium, and 
low potential for specified uses. 
effects of the pattern of associated soils of different quality on the 
use of parcels. 

The table may also describe the 

Regional planners commonly need more specific information than 
generalized soil maps can provide about the suitability of small par- 
cels. 
but must be sure that a certain site has soil suitable for a reservoir 
before completing the regional plan. 

For example, they may find an area generally good for recreation, 

Community planning is done by local governmental units such as 
cities, towns, and counties. Planning at this level deals with 

11-20 

(430-V-SSM, May 1985) 



Most farmers have some sort of plan to guide their operations. 
Some only work out the crop pattern for the coming year; but many have 
carefully prepared written plans, with maps, for several years in 
advance that they adjust with the seasons. As agricultural technology 
becomes more sophisticated, planning becomes more important h farm 
operation. 
the area within farm boundaries, but the farmer makes these decisions 
within the framework of the physical, economic, and cultural environment 
of the community and region. 
are also important elements in planning. 

Conservation planning deals mainly with decisions affecting 

The skills and preferences of the farmer 

complexes of farms and ranches and with groups of smaller uses such as 
housing developments, shopping centers, and industrial parks. 

Community planners use interpretations of soils and other infonna- 
tion to develop recommendations on alternatives for land use, patterns 
of services, and public facilities. For some purposes, planners need 
predictions about the general suitability and limitations of areas of a 
few hundred to several thousand hectares-areas that represent soil 
resources comon to contiguous operating units. 
they need interpretations of areas as small as a few hectares. 
at this level commonly need interpretive maps at more than one scale. 

For other purposes, 
Planners 

Interpretations of small areas for community planning rate limita- 
tions, identify needs for management or treatment, and predict potential 
and performance of individual kinds of soils identified on detailed soil 
maps. 

Interpretations of areas that include entire governmental units 
estimate the potentials of soils for all competing uses within the 
community. 
soil series. 
association for alternative uses. 
of areas having similar potentials or limitations for certain uses may 
be convenient for planners. The basis for the ratings is described i n  
the text. 
different potentials within each association can be given in tables or 
in the text. 

Maps are smaller in scale, and the units. are associations of 

Special maps showing the distribution 
Community planners commonly need ratings of the whole 

Information about the amounts and patterns of soils having 

Farming 

In planning, a farmer .considers the combination of enterprises that 
are adapted to the farm and their economic feasibility. 
decisions on the following items depend entirely or partially cn proper 
interpretation of soils information: 

The fanner's 

1. , Use of available soil resources for crops,.pasture, farm 
woodlots, fannstead, etc. 

2. The choice and sequence of crops. 
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Control of water and wind erosion. 

Water management on and in the soil, including drainage, 
irrigation, conservation, and runoff control. 

Tillage m e t h o d s  and maintenance of good tilth. 

Use and conservation of crop residue and other organic mate- 
rials on the farm and of organic matter in the soil. 

Control of acidity, alkalinity, and salts, including 
fertilizing and liming.. 

Protection of crops and livestock from wind, insects, dis- 
eases, and other hazards. 

Control of pollution from pesticides, excess fertilizer, and 
livestock waste. 

The interpretations in soil surveys provide some of the information 
necessary for these decisions. The farmer converts these interpre- 
tations into an operational plan and integrates them into a practical 
system for the fana. 

Interpretations in a soil survey should include (1) soil lfmita- 
tions and qualities that affect farming, (2) suitability of soils for 
selected fann uses, ( 3 )  management needed for good performance, and (4 )  
productivity of the soils for the selected uses. 
possible interpretations can be given in one publication. 
be given for the farmer to be able to make sound decisions. 

Usually, not all 
Enough should 

Soil surveys identify the most important soil characteristics that 
affect the limitations and qualities of soils for farminq. 
farmers to decide on uses and management for different kinds of soil. 
Some of the interpretations are the same as those for nonfarm uses, and 
others concern primarily fanning. The following kinds of information 
are commonly needed. Not all are needed in every region or for every 
type of farming: 

This pennits 

1. Depth to bedrock, pans, or other layers that restrict pene- 
tration of roots, water or air. 

2. The capacity of the soil to hold water available to plants. 

3. Permeability of critical horizons or layers, especially in 
soils that have limited internal drainage. 

4. Natural soil drainage or aeration, commonly expressed as soil 
drainage class, depth to saturated zones at different seasons, 
or sequence of soil-water states in the rooting zone. Other 

e 
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ways to characterize soil-water relations may be more meaning- 
ful for specific survey areas or for certain uses. 

Tendency to form surface crusts that restrict infiltration of 
water and emergence of seedlings and other qualities that 
relate to tilth. 

Properties that limit or prohibit the use of equipment, 
including gradient and complexity of slope, coarse .fragments, 
outcrops of bedrock, low strength when wet, and strength or 
hardness when dry.  

Susceptibility to erosion by water or wind, considering the 
characteristics of the soil, slope and climate. 

Susceptibility to flooding. 

Salinity and sodicity where either is a problem. 

Substances toxic to plants or to animals that consume the 
plants, such as selenium or molybdenum. 

Deficiencies of plant nutrients, including necessary micronu- 
trients as well as nitrogen, phosphorus, and potassium. 

The capacity of the soil to store and release plant nutrients. 

Chemical reaction and its relationship to plant growth and the 
need for liming. 

The capacity to retain soluble substances, such as nitrates, 
that can pollute ground water. 

Capacity of the soil to absorb and deactivate pesticides. 

Most of this information is provided in various places in published 
soil surveys. 
groups, or capability units. 
that makes its significance clear to the reader, 
has "a fragipan at a depth of 18 inches", the text should explain that 
water movement and root preparation are obstructed by It. 

Much is given in map unit descriptions, management 
The infoxmation should appear in a way 

For example, if a soil 

Special interpretive groupings of soils identify the kind and 
degree of important limitations for farm uses, 
fication system is an example of such M interpretive system. 

The capability classi- 

A soil survey of a fanning area describes the suitabilities and . 

potentials of the soils for locally important farm uses. These uses may 
include common tilled crops, pasture, and woodland or range, In some 
areas the potentials for orchards, vegetable crops, speciality crops, or 
irrigated crops are given. Some surveys rate the suitabilities of soils 
for especially important individual crops. 
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Suitability ratings are assigned after appraising soil limitations I 
measures needed to correct the deficiencies, and predicted production 
under feasible management. One logical organization for this part of 
interpretations is to identify the uses first and then follow with 
management requirements for those uses and predicted performance of 
soils when management is applied. 

The land capability classification system has been used for many 
years in the United States to show the suitability of soils for impor- 
tant land uses. It is a three-category interpretive system. The two 
highest categories, class and subclass, give broad perspective of the 
suitability of map units for  certain crops or for pasture. 
categories indicate the degree and kinds of limitations for these uses. 
The system evaluates soils for  mechanized farming systems that produce 
the more common cultivated field crops, such as corn, small grains, cotton, 
hay potatoes, and field-grown vegetables. It does not apply directly 
to fanning systems that produce crops such as some fruits and nuts that 
require little cultivation or crops that are flooded, such as paddy rice 
and cranberries. It also cannot be used for farming systems that depend 
on primitive implements and much hand labor, 

These 

The highest category of this system is the capability class. 
capability classes are groups of soils that have the same general 
suitability for the broad kinds of use comaon on farms and ranches, 
Restrictions in use that result from soil properties are given emphasis. 
There are eight classes. 

The 

Classes I, 11, 111, and IV are suitable for mechanized production 
of comon field crops if properly managed and for production of pasture 
and woodland. The degree of limitation for production of cultivated 
crops increase progressively from class I to class IV. Limitations may 
affect production as well as the risk of permanent soil deterioration, 
as by erosion. 

Classes V, VI, and VI1 are generally not suited to mechanized 
production of carmnon field crops without special management, but are 
suitable for permanent covet such as grasses and trees. 
the soil limitations for crops increases from class V to class VII. 
Areas in class VIII are generally not suitable for crops, pasture, or 
wood products without management that is impractical. 
may have high potential for other uses, such as recreation or wildlife 
habitat , 

The severity of 

Class VIII areas 

The next category of the capability system is the subclass. The 
subclass identifies the dominant kind of limitation in the class. Class 
I is not subdivided because soils in this class have few limitations. 
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Capability subclass "e" identifies susceptibility to erqsion, by 
wind, or water, as the doznant kind of limitation. 
identifies excess water, including both excess water in the soii and 
susceptibility to flooding. Subclass "sa identifies limitations within 
the rooting zone, such as low available-water capacity, salinity or 
sodicity, limiting amounts of stones, layers that restrict rooting, and 
the like. Subclass "c" identifies limitations related to climate, such 
as unfavorable soil tgmpera.ture, a short growing season, or lack of 
adequate moisture. The system provides guidelines about which subclass 
to use when two or more kinds of limitations are nearly equally re- 
stricting. 

subclass "w" 

The lowest category of the capability system is the capability 
unit. 
a capability unit are enough alike to be suited to the same crops and 
pasture plants, to require similar management, and to have similar 
productivity. Units are designated by Arabic numerals. 

Capability units are soil groups within a subclass. The soils in 

The purpose of management of farms is the satisfactory production 
of crops, pasture, or wood products. 
do this depend on the nature'of the soil. 

The management practices needed to 
Management practices include 

both annual and seasonal activities, such as tillage, and lasting 
measures, such as terraces,-and artificial drainage systems. 

A combination of practices is called a resource management system. 
Management practices must be applied in appropriate combinations to 
achieve safe and efficient production in modern agriculture. The 
effectiveness of any practice depends on the others used with it. 
example, fertilizing is futile if excess.water limits plant growth of if 
pests are not properly controlled. 

For 

Some practices can be substituted for others in the management 
Manure may substitute for part or all of the commercial fertili- system. 

zer. 
the amount needed. 
equally effective on a soil. 
combinations of practices and choose those that best fit not only their 
soils but also their other resources and their skills and preferences. 

Legumes in the rotction may replace nitrogen fertilizer or reduce 
Different sets of management practices may be 

Fann operators must evaluate various 

Management can be discussed in two ways. One way is to give 
interpretations for each kind of soil in the map unit description. 
organization permits the reader to study all of the information about a 
soil at one place. 

This 

The other way of presenting the information is to discuss groups of 
similar spils. Soils in a management group are similar enough that at 
least general statements about the followinq apply to all of the soils: 

1. Suitability for the broad kind of agricultural use--crops, 
pasture, woodland, range. 
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2 .  Suitability for kinds of crops or other plants that may be 
grown. 
commonly given separately, crops are usually emphasized in 
these groups. 1 

(Since interpretations for grazing and woodland are 

3. Susceptibility to erosion. 

4. Limitations to rooting of plants, including not only physical 
barriers like bedrock but also physical and chemical proper- 
ties of the soil in the rooting zone. 

5 .  Water relations--degree and periods of wetness or droughtiness 
in the rooting zone and susceptibility to flooding. 

6. Deficiencies or imbalances of plant nutrients in the rooting 
zone. 

7 .  Soil acidity or alkalinity, salinity, and sodicity. 

8 .  Soil properties that restrict use of farm equipment--slope, 
stoniness, rock outcrop, capacity to support loads. 

9. Capacity to absorb, decompose, and deactivate fann wastes and 
chemicals. 

- 
Not all soils in a management group will have identical potentials, 

limitations, and management needs. However, soils should be enough 
alike that statements useful to farmers can be made about the whole 
group. Variations among the soils in the group can be shown in the 
group descriptions. 

Productivity is the capacity of a soil to produce desired crops. 
It is expressed in terms of output (harvest) in relation to inputs of 
production factors. 
quence of plants under a defined set of management practices. 

Estimates are made for a specified plant or se- 

Except for prixnitjve gathering of the products of undisturbed 
native ve9etationr productivity of soil implies response to management. 
Even in primitive fanning, there is some input of labor and material, be 
it no more than planting seeds with a sharpened stick, using compost, 
and gathering the products. 
kind of management may be highly productive under modern farming methods. 
Interpretations of productivity must define the management being assumed. 

A soil that has low production under this 

Productivity estimates should cover periods long enough to tepre- 
sent seasonal and annual variations in weather. Productivity of crops 
can be expressed as quantity ob product per unit land area, such as 
kilograms, or metric tons per hectare. Productivity of pasture can be 
expressed as carrying cagacity in standard animal-units per unit area 

11-26 

(430-V-SSM, May 1985) 



per season or year, or it can be expressed as live-weight gain. Produc- 
tivity can also be expressed as a rating or index based on standard 
yields. 

Predicted yields of important crops under a defined level of 
management on different kinds of soil connect agricultural research and 
specific tracts of land. Estimates of yield on different kinds of soil 
under different management systems are needed for farm planning and farm 
production budgets. These estimates allow productivity of soils to be 
used as one of the factors affecting land value and permit use of the 
soil map in land evaluation. 
groupings of so i l s  for many purposes. 

They also provide a basis for interpretive 

The levels of management for which yields are predicted are chosen 
to fit conditions in the survey area. 
yield predictions could be given for management consisting mainly of 
hand labor for planting, weeding, and harvesting. 
little usefulness in an area of modern mechanized agriculture. 
areas, however, several levels of management are possible. To show 
response to management, estimates can be given for two or all three of 
the following levels: 

In a primitive farming area, 

Such predictions have 
In these 

Level A: 
commonly by successful fanners in the area. 
termed "ordinary" or uprevailinq" management and is considered to 
apply to most fanners in the area. 

The combinations of management practices used most 
This level has been 

Level B: A combination of superior management practices followed 
by farmers who obtain yields well above the average for the area. 
This group may be 5 percent of the fanners in some areas to as many 
as 30 percent in other areas. 
or "improved" management or a "high" level of management. 

This level has been termed "exceptional" 

Level C: 
fully apply current knowledge and techniques of crop production. 

The optimum combinations of management practices that 

The sets of management practices must be defined for each level. A 
"high" level of management prwides necessary drainage, erosion control, 
and protection from flooding: proper planting rates; suitable high- 
yielding crop varieties: appropriate and timely tillage; control of 
weeds, plant diseases, and harmful insectst favorable soil reaction and 
optimum levels of nitrogen, phosphorus, potassium, and trace elements 
for each crop; effective use of crop residue, barnyard manure, and 
green-manure crops; and harvesting that incurs the smallest possible 
loss. For irrigated crops, the irrigated system is adapted to the soils 
and the crops, good quality irrigation water is uniformly applied as 
needed, and tillage is kept to a minimum. 1 

Accurately measured crop yields are the most reliable sources of 
For many areas.. 10 years of yield 

For same areas 
information for predicting yields. 
records are the minimum needed for reliable averages. 
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where weather varies widely from year to year, records are needed for  
much longer periods. 
the same kind of soil to sample the variability of response to nanage- 
ment among areas of the same kind of soil. 

Records of yields are needed for several sites on 

Adequate data are rarely available for all kinds of soil in a 
survey area. 
on data for a few benchmark soils for which measured yields or reliable 
estimates are available, 
are extrapolated to other soils by camparing those soil properties.that 
affect response to management. 

Consequently, the yield estimates for most soils are based 

The estimates of yields for benchmark soils 

’ 

poorest in terms of their expected production of a given crop. 
benchmark soils are located in the array, and their yields are extrap- 
olated to the other soils. These predictions are tested against avail- 
able records and the judgement of farm advisors, soil conservationists, 
research scientists, and others who are knowledgeable about crop 
production in the area. 

Usually, the soils of a survey area are arrayed from best to 
The 

The predictions are then adjusted as necessary. . .  

The final accuracy of yield predictions depends on the completeness 
of the available information. The degree of exactness that can be 
justified in the predictions depends on the number of benchmark soils, 
the amount and reliability of the data, and the amount and reliability 
of supplementary infonnation and judgement, In some surveys, pre- 
dictions to the nearest 300 or 400 kg/ha may be as specific as the 
infonnation warrants for a crop such as wheat. 
estimates to the nearest 50 kg/ha may be justified. 

In other surveys, 

The data for predicting yields on benchmark soils and for relating 
other soils to them come from many soutces. 
yields have been made for benchmark soils by statewide studies. 
conditions in the survey area may require adjustments in these esti- 
mates. 
ences in management. 
previously surveyed areas can be used with appropriate adjustments for 
differences in soil, climate, and management. 

In some states estimates of 
Local 

Yields may also need to be adjusted to account for local diffet- 
For many surveys, estimates for benchmark soils in 

Farm records that give yields and management practices by fields 
with known kinds of soil are comon sources of data. Records from 
demonstration farms and pilot research farms are valuable, especially 
for the higher levels of management. A number of institutions and 
agencies keep records of crop yields, some of which be can related to 
specific kinds of soil. 

The survey party make notes and observations about crop growth on 
different kinds of soil under different management during fieldwork. 
These observations help in comparing relative productivity of various 
soils. 
same field are especially valuable. 

Notes on performance of crops on different kinds of soil in the 
Farmers can often given reasonably 
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re l iab le  estimates of t o t a l  production of a f i e l d  or group of f i e l d s  i f  
t h e  harvest was measured. 

Sampling the y i e l d s  of a crop on d i f fe ren t  k inds  of soi1,within the  
same f i e l d  can provide useful data. 
the same on a l l  of the  s o i l s  i n  the f i e l d ,  t h i s  technique gives-infor- 
mation fo r  comparing d i f f e ren t  kinds of s o i l  under the same management 
and weather. 

Since conditions usually have been 

Productivity ra t ings express the  predicted yields  of crops as 
percentages of standard yields .  They provide a scale  for camparing 
productivity of so i l s .  
on different  kinds of s o i l  nationally or regionally. Ratings lend . 

themselves t o  mathematical treatment, especial ly  when y ie lds  of more 
than one kind of crop are given i n  sunrmaries of production. 

Ratings can be used t o  campare y ie lds  of a crop 

Productivity ra t ings  are useful for comparing leve ls  of production 
of crops having y ie lds  expressed i n  great ly  d i f fe ren t  values. 
example, on a cer ta in  s o i l  y ie lds  of corn for s i lage  are 60,000 kg/ha 
and yields  of grain corn are 9,000 kg/tia; however, these yields  repre- 
sent similar levels  of production and could be expressed as similar 
productivity ratings.  

For 

Productivity ra t ings  a r e  calculated as follows: 

Productivity r a t ing  - Predicted yield per u n i t  area x 100 
Standard yield per un i t  area 

@ Productivity ra t ings a re  calculated for spec i f ic  crops on spec i f ic  s o i l s  
under defined management. 
in to  productivity ratings.  

Predicted y ie lds  can be t ranslated d i rec t ly  

Selection of the  standard y ie ld  f o r  a crop depends on the purpose 
of the rating. 
a standard is chosen t h a t  represents y ie lds  a t ' a  high leve l  of manage- 
ment on the best s o i l s  f o r  t he  crop i n  regions most favorable fo r  J t s  
production. I f  camparison with poten t ia l  production is wanted, y ie lds  
under the bes t  combination of prac t ices  are used. 
chosen, the conditions t h a t  it represents must be defined. 

I f  the r a t ing  is being made for nat ionwide comparisons, 

Whatever standard is  

Productivity ra t ings  for individual crops can be combined i n  a 
general ra t ing  f o r  a so i l .  
factor ,  such-as the  area occupied by each crop, and an average is 
calculated t h a t  characterizes the general productivity of the so i l .  
Satisfactory weighting is d i f f i c u l t ,  especial ly  f o r  ra t ings  intended t o  
show t h e  r e l a t ive  potential of d i f f e ren t  kinds of s o i l  for farming. A 
s o i l  t h a t  has low productivity for most  crops of an area may have very 
high productivity f o r  a s ing le  crop, such as high-quality flue-cured 
tobacco, t h a t  is very important l o c a l l y .  

The individual ra t ings  are weighted by some 
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Rangeland 

Range is land on which the native vegetation (climax, or natural 
potential, plant community) is predominantly grasses, grasslike plants, 
forbs, and shrubs suitable for grazing and browsing, Range includes 
natural grasslands, savannas, many wetlands, same deserts, tundra, and 
certain shrub and forb communities. Soil interpretations for range show 
the suitability of soils for various kinds of range plants, their 
capacities to produce forage, and the management needed for efficient 
production, 
between soil scientists and specialists in range plants, grazing manage- 
ment, wildlife management, and water control. 

Interpreting soils for range requires close collaboration 

Range interpretations can be given by range sites. A range site 
produces a plant community that is characteristic of that site and 
different.from the communities of other sites in terms of kind of 
vegetation, proportions of dominant species, or total annual production. 
Differences must be great enough to influence management. 

A range site is the product of all of the environmental factors 
that bear on the area. Soil, climate, and topography are the most 
important of these. If climate, topography, and other factors are 
relatively uniform in an area, the soil generally exerts the greatest 
influence on the plant community; therefore, range site boundaries 
usually coincide with soil boundaries. Many sites, however? include 
several soils. 
may ovewhelm other soil characteristics to determine the production and 
camposition of the vegetation, so that a nlmrber o f  kinds of soil would 
be in the same site. If a site deteriorates through erosion, reduced 
fertility, changes in soil moisture relations, or other causes, the site 
capability may be altered and a new site must be described. 

. 

For example, the influence of the soil moisture regime - 

Each range site description commonly gives the following informa- 
t ion : 

1. 

2. 

3.  

4. 

5.  

6 .  

The principal kinds of soil in the site (generally by series 
or phase). 

The soil properties that are most important t o  plant growth 
and development. 

The plants that are impottant constituents of the climax 
community. 

An estimate of the proportion, by weight? of each important 
species in the climax comunity. 

Estimates of the total annual yield of air- forage, ex- 
pressed as a range of values that reflect climatic variation 
uver many years. 

The effects of prolonged heavy grazing, fire, or other fii.=tur- 
bances on the composition of the plant community. 
invader species are identified. 

ihe canrmon 
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7. The feasibility of restoring depleted areas, including the 
potential for planting or seeding suitable species. 

Predicted annual yields of forage are usually based on measured 
values for only,some of the range sites and only some of the soils in 
them. Estimates are made for others by extrapolation. Identifying 
those soils for which actual measurements are available could be helpful 
to some users. 

Other elements may be needed in interpretations. These include 
suitability of the plant cornunity for wildlife food and cover: 
suitability of the soils for impoundments and other forms of water 
management; special limitations, such as salinity or sodicity; 
trafficability for vehicles and animals; shelter provided by landforms 
for animals during inclement weather; reliability of the natural water 
supply by season; susceptibility of the soils to compaction: 
susceptibility to surface crusting: special practices needed for 
reclamation of areas disturbed by mining and mineral exploration; and 
the amount of cover needed to protect the soil from accelerated erosion 
(including litter and rock in addition to live vegetation). 

Forest 

Soil surveys are valuable in modern forest management. Soil 
surveys provide information about the hazard of soil erosion, the 
steepness and dissection of relief, the susceptibility of soils to 
compaction by equipment, soil features that affect the location and 
construction of roads, and the hydrology of watersheds. 
soil properties affect tree harvest,and the survey can be used in 
predicting the suitability of the various soils for different harvesting 
systems. Planning for slash disposal after harvest is aided by 
interpretations of erosion hazard and of the effects of burning on the 
soils. 

Some of these 

. 

Following logging and disposal of slash, new crops of trees are 
Depending on the nature of the soils, past management, and started. 

other factors, stands may regenerate naturally or planting may be 
required. 
an improved variety is desired. 
soil promotes the rapid growth of undesired shrubs or trees. 
tations of plant competition are included in many surveys. 

Planting, of course, is necessary when a different species or 
Planting is also necessary where the 

Interpre- 

Other interpretations predict the soils' response to drainage and 
fertilization.. Draining wet soils may permit the establishment of 
different forest species and increase the growth rate of trees. 

Foresters working with soil scientists identify the trees that are 
best suited to each kind of soil, predict the productivity of suitable 
species on each soil, and rate limitations of soils for forest manage- 
ment. 
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Limitations that are important in forest management can be iden- 
tified for each s o i l .  The so i l s  are commonly rated according to the 
degree of the limitation--slight, moderate, of severe--for each of 
several important aspects of management: 

Erosion hazard indicates the susceptibility of the soil to erosion 
along roads and trails and in loading areas and other areas dis- 
turbed by forest management operations. 

Equipment limitations are soil-related restrictions on use of 
equipment generally needed in forest management and harvesting. 
Equipment use is restricted by such properties as steep slope, many 
boulders, and low capacity to support vehicles. 

Plant competition is the rapid establishment of undesired plants in 
openings in the tree canopy. 
species for water and nutrientstand such competition affects the 
success of regeneration or planting. 
modified to reduce plant competition. 

These plants compete with desired 

Harvesting methods can be 

Seedling mortality is the death of seedlings before they can become 
established. This rating considers soil properties that contribute 
to seedling mortality, such as droughtiness and surface crusting. 
The rating'is independent of plant competition, which also affects 
establishment of seedlings. 

Windthrow hazard is the chance of trees blowing down. It is an 
evaluation of soil properties that affect the firmness with which 
root systems anchor the trees. Properties that affect depth or 
lateral extend or root systems are important. 
usually independent of the probability of high winds unless the 
soil is typically on landscape positions that are unusually suscep- 
tible to high winds. 

The rating is 

Soils may also be rated for such factors as susceptibility to 
compaction during forestry operations, limitations that result from 
burning, hazards from soil-borne pests and diseases, and limitations 
imposed by specific soil properties such as wetness. 

Published soil surveys for areas in which forestry is important 
give predictions of the productivity of different kinds of soil for 
trees. Productivity is commonly expressed as site index or as some 
measure of the volume of wood produced annually. 
the average height of dominant and codominant trees of a given species 
at a designated age. 
unmanaged stands that have not been damaged by past cutting, heavy 
grazing, repeated burning, or stagnation caused by overstocking. 

Site index is based on 

The site index applies to well-stocked, even-aged, 

Data are not always available to determine site index of even one 
species on all kinds of soil in a survey area. 
species on benchmark soils are projected to other kinds of soi l  by 
comparison of critical properties. 
tree heights and ages. 

Measurements for key 
e .  

The basic data are measurements of 

0 Trees to be measured must have been f;ee from 
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suppression and damage. 
t o  obtain a representative sample t h a t  accurately r e f l e c t s  the height and 
age of the dominant and codominant t rees .  
or s i m i l a r  s o i l s  a r e  studied t o  obtain a representative sample of s o i l  
var iab i l i ty .  
together. 

Measurements are  made on enough t r e e s  per.  p lo t  

Enough p lo t s  on the same s o i l  

S i t e  index subidies a re  made by s o i l  s c i e n t i s t s  and fores te rs  

For a number of species, data are  available fo r  converting s i te  
index t o  average annual growth of wood. 
survey can include predictions of the  potent ia l  annual growth. 
source of t he  data  and the nature of the relationship used for the 
conversion (such as log scale) are given. 

If such data are avai lable ,  the  
The 

Soi l s  can be combined fo r  fores t ry  by using an ordination system 
with a 2- or 3-part designation. 
symbol is a number t h a t  denotes the potent ia l  productivity of the s o i l ,  
based on the  s i te  index of an indicator t r e e  species. 
of the symbol, a l e t t e r  indicates cer ta in  character is t ics  t h a t  cause 
important l imi ta t ions  t o  fo re s t  management. 
number, is sometimes used t o  distinguish groups of soil that are capable 
of producing similar kinds of trees and understom vegetation and t h a t  
need similar management. 

The f i r s t  pa r t  of the  ordination 

The second pa r t  

A t h i rd  par t ,  another 

A l ist of trees conmon t o  the  survey area is given, along with 
estimates o f , t h e i r  productivity on each soil on which they can grow. 
Also, f o r  each kind of s o i l  a l i s t i n g  is given of trees t h a t  are su i t -  
able fo r  open-field planting or f o r  interplanting i n  ex is t ing  woodland. 

The soil  maps of some predominantly forested areas have s o i l  
associations as map uni ts .  
d i f fe ren t  l imitat ions,  s u i t a b i l i t i e s ,  and production potentials for 
trees.  The l imitat ions,  s u i t a b i l i t i e s ,  and productivity of the indi -  
vidual kinds of s o i l  a r e  interpreted,  even though the soils are not 
delineated separately on the map. The t ex t  explains t h a t  most  of a 
given s o i l  association is a few principal  kinds of soi l  and that  the 
user need not  be concerned with a l l  of the  minor s o i l s  i n  a given 
delineation. The t e x t  a l so  describes the  landforms or o ther  features  
tha t  may be helpful  i n  determining the  location of individual s o i l s  on - 
a e r i a l  photographs or i n  the  f ie ld .  Attention having been l imited t o  
the major s o i l s ,  the  user can be t o ld  how t o  recognize the important 
s o i l  var ia t ions t h a t  require d i f fe ren t  trees or d i f f e ren t  management. 
The user can be t o l d  how to  recognize s o i l s  t h a t  make the best routes  
fo r  roads and trails .  
v i s ib le  signs,  f o r e s t  managers can apply Interpretat ions for individual 
kinds of s o i l  i n  the  f ie ld .  

The s o i l s  i n  such associations conmtonly have 

W i t h  good explanations of Soil patterns and t h e i r  

Understory Vegetation is the  vegetation growing under the  f o r e s t  canopy 
and i n  some areas  can be used by grazing or browsing animals. 
understory products, such as greenery, can be gathered for sale. 

Some 

The understory vegetation consis ts  of grasses, ferns ,  shrubs, and 
other plants.  This vegetation can be described i n  r e l a t ion  t o  the  

11-33 

(430-V-SSM, May 1985) 



individual k i n d s  of s o i l .  
expected where canopy density i s  most typ ica l  o f . fo re s t  stands having 
normal production of wood crops. 

The descriptions give the  p lan ts  t o  be 

Recreation 

So i l  surveys are used i n  selecting sites and designing f a c i l i t i e s  
f o r  recreation. Many desirable recreation sites are a combination of 
several  kinds of soi l  i n  a pat tern appropriate t o  the intended use. 
individual soils or the  combination must be interpreted for such use. 
Many fac tors  other than the  s o i l s  are a l so  important i n  recreation 
planning--factors such as es the t ic  values, location and access ib i l i ty  t o  
the  public,  land values, access t o  water and t o  public sewer l i nes ,  the 
presence-of po ten t ia l  impoundment s i tes tand  relat ionship t o  exis t ing 
recreat ion areas  and f a c i l i t i e s .  

The 

So i l s  a re  commonly rated according t o  t h e i r  s u i t a b i l i t y  or limita- 
t i o n s  f o r  d i f f e r e n t  kinds of recreation and f a c i l i t i e s .  The interpre- 
t a t ions  allow comparison of s o i l s  at  a l te rna t ive  sites and prediction of 
the measures needed t o  overcome deficiencies  of t he  s o i l s  a t  specific 
s i t e s .  

The kinds of faci l i t ies  f o r  which in te rpre ta t ions  are needed range 
from golf fairways, picnic sites, and playgrounds in heavily populated 
areas  t o  t r a i l s  and campsites i n  primitive na tura l  areas. 
t a t ions  f o r  ski slopes and snowmobile t r a i l s  are needed i n  some places. 

Interpre- 

Many recreation areas i n  the United States a re  i n  w i l d  country 
having only higher order soil  surveys. 
commonly associations of s o i l s  tha t  d i f f e r  markedly i n  t h e i r  l i m i t a t i o n s  
and s u i t a b i l i t i e s .  
atid a sununary r a t ing  f o r  the  whole un i t  is given. 
each so i l  f o r  such uses as campsites, picnic  areas, and t ra i l s ,  but  the 
map does not show the  location of each s o i l  within the broad delin- 
eations.  In te rpre ta t ions  ident i fy  the  map units in which su i tab le  sites 
for these kinds of uses are most numerous of most l ike ly .  
descr ipt ions also include unique landfolllls~, vegetation, or other  surface 
f e a t u r e s - t h a t  help i n  indentifying the  individual soils i n  the f i e l d .  

Map u n i t s  f o r  such surveys are 

Each component of an associat ion is rated separately,  
The t e x t  may r a t e  

The map u n i t  

Whole soil associations on general soil maps or higher order survey 
maps can be ra ted i n  t e r n  of general s u i t a b i l i t y  of large areas for 
d i f f e ren t  kinds of recreation, such as hiking or camping. 
t h i s  kind must take i n t o  consideration the q u a l i t i e s  of individual kinds 
of soi l  within delineations,  the amounts of and pat te rns  of good and 
poor soi ls  i n  the  association, and the  e f f e c t s  of each on use of the 
o thers  and on the association as a whole. Soils that may be good for 
campsites, f o r  example, must be discounted i f  other soi ls  i n  the  area 
r e s t r i c t  access t o  them. 

Ratings of 

Wildlife Habitat 

The re la t ionship  between soils, vegetation, and wi ld l i f e  is the  
The kinds and numbers of foundation of w i ld l i f e  h a b i t a t  management. 
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wildlife that can live in a given area depend on 'the supplies of food, 
cover, and water, which in turn depend on the characteristics of the 
soils. Soils influence wildlife populations primarily through the 
vegetation and other habitat components that they support. 
tists and wildlife biologists can interpret the kinds of soil in an area 
for the elements that make up different kinds of wildlife habitat. From 
the appraisal of combinations of elements, the potential of a tract for 
various kinds of wildlife can be determined. 

Soil scien- 

Early settlers commonly found the most abundant populations of 
wildlife on the best soils in the ecological zone. Wildlife can be 
produced on all lands (that is, on all soils), but the quantity and 
quality of the vegetative elements of wildlife habitat are restricted by 
the capability to the soils. Wildlife habitat can be created, improved, 
and maintained by planting suitable vegetation, manipulating existing 
vegetation, and inducing the natural establishment of ,desired plants. 

Ratings of wildlife habitat serve several purposes. First, 
ratings, identify the sites that have soils capable of supporring 
particular habitat elements, Second; they indicate the kind and 
intensity of management that can be satisfactorily accomplished, 
the ratings provide a means of considering soil conditions during 
land-use planning and acquisition of land for wildlife habitat and for 
parks and other recreation developments. 
ratings show where management for wildlife can be applied most 
effectively and which practices are appropriate. The ratings may also 
show why certain objectives-pheasant production, for example--may not 
be feasible. 

Third, 

Used vith the soil maps, 

Ratings of soils for elements of habitat are canrmonly made by 
extrapolating data for benchmark soils to other kinds of soil. 
growth and characteristics of plant cammunities'are affected by such 
soil properties as depth , texture , particle size,. plasticity, permeability , 
reaction, salinity, organic matter content, frequency and duration of 
flooding, and depth to the water table. 

The 

Present land use and existing vegetation are not considered when 
rating soils for wildlife habitat. Not only are these factors subject 
to change, but there is no practical method of determining them from a 
soil map, The map units of a m e y  are rated without regard to their 
position in relation to areas of other soils. 
shape or location of soils areas affect the ratings. 
wildlife also.is disregarded during rating, because of the mobility of 
wildlife. 
be considered, as are other seasonal or year-round vegetative elhents 
of habitat. 

Neither do the size, 
Presence of 

However, plant communities that senre as winter habitat must 

Typically, the units on generalized soil maps or the maps of higher 
order surveys are given general ratings for elements of wildlife habitat 
by considering all of the soils in the broad units. Interpretations may 
also rate the individual kinds of soil in the map units. 
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Building Sites 

Construction and maintenance of buildings are primarily the subject 
of architecture and engineering, but many aspects are related to soils. 
Properties of the upper 1 or 2 meters of soil are important both for the 
support of low buildings and for the maintenance of structures and 
grounds. 
footings placed below the depth of soi l  survey investigations. 

Large multistory structures are generally supported by 

Published soil surveys give interpretations of soils for small 
buildings, utilities, and other uses related to building sites. Both 
the degree of limitation and the principal soil properties that create 
the limitations are commonly given. The ratings are predictions of soil 
performance based on properties, site features, and observed behavior of 
the soils. 

. .  

a 

Soil survey interpretations can help in comparing alternative sites 
for a given use and in planning onsite investigations and testing of 
selected areas. Soil interpretations can be extremely useful in land-use 
planning and in selecting building sites that are near areas suitable 
for utilities, parks, and other associated uses while reseming land 
that is best suited to farming. 

Soil properties that are important for buildings and for accessory 
installations such as roads and utilities include the following: 

Susceptibility to flooding: 
overflowing streams, by runoff from adjacent areas, or by tides. 
Flooding hazard is generally given for the undisturbed landscape. 

Areas may be temporarily innudated by 

Permeability: The capacity of the soil to transmit water internally 
affects is suitability for buildings and grounds and the feasibility 
of drainage to improve sites. 

Shrink-swell potential: 
expand when they became wet. 
roads, dams, walls, building foundations, and other structures. 
The degree of change in volume is related to the amount of active 
2:1 lattice clay in the soil and to the the climatic and hydrologic 
conditions of the site. To shrink and swell, the soil'musthave a 
cycle of wetting and drying. 

Some soils shrink when they are dry and 
This change in volume can damage 

Stability: 
when loaded by construction. 

Somh soi l  may slip and-s l ide  down slopes when wet or 
.~ 

Erodibility: 
water can lose topsoil, which is valuable for landscaping, and are 
subject to gullying and other damage. 
also pollute lakes and streams. 

Soils that are susceptible to erosion by wind or 

Eroded soil material can 

Depth to bedrock or other limiting layer: 
pan at a shallow depth restricts excavation. 
also interfere with growth of plant roots and movement of water. 

Hard rock or a cemented 
Limiting layers can 

0 
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Susceptibility to frost heaving: 
freezing, soils that have a saturated zone and properties favorable 
for capillary movement transmit water to the zone of freezing. Ice 
lenses form and push upward, heaving pavements, plants, and even 
whole buildings. Frost heaving damages foundations and cracks 
walls, streets, and sidewalks. 

Susceptibility to salt heaving or sinking: Some soils in very dry 
areas have underlying layers of salts that expand when hydrated by 
irrigation water or precipitation. The heaving that results can 
damage structures. In other soils, cavities can form and cave in 
as salts are leached away by water. 

Where the temperature goes below 

High water table: 
near the surface during some seasons. 
excavation, interferes with growth of plants, and can cause in- 
stability under foundations. . 

Some soils are naturally wet and are saturated 
The high water table limits 

Subsidence after drainage: 
soils are drained, they may subside, causing foundations to break 
and walls to crack. 

When organic soils and same wet mineral 

Corrosivity: 
corrode uncoated steel or concrete placed below the surface. 

Soils ?&at are strongly acid or high in sulphates 

Slope: The degree of inclination of the land surface affects costs 
of excavation and construction and the usefulness of the site after 
construction. 

Capacity to support loads: 
especially when saturated. 
their suitability for buildings and roads. 

Content of coarsedragments: 
than 3 inches in diameter increases excavation costs. Unless 
removed, the fragments can reduce the usefulness of the site after 
construction. 

Some soils tend to settle under loads, 
The low strength of such soils reduces 

A high content of rock fragments more 

Mapped areas usually are substantially larger than building sites 
and often contain small areas of soils that have propetties much different 
from those of the dominant soil. 
hood of such inclusions and the need to locate them. 

Users must be informed of the lfkeli- 

Predictions apply to the dominant soil without modification of the 
Manmade changes can affect the 

Large areas of pavement or other 

soil itself or of the surrounding area. 
predictions. 
therefore be not so wet as indicated. 
urban developments increase runoff and may create flooding where the 
survey indicates no such-hazard. 

Areas mapped as naturally wet may have been drained and 

Soil surveys give information needed for planning, planting, and 
maintaining grounds, parks, and similar areas. Many homeowners plan 
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their own home grounds and can benefit from soii survey infonnation. 
Particularly important are the suitability of the soil for turf and 
ornamental trees and shrubs, ability of the soil to withstand trampling 
and traffic, suitability of the soil for driveways and other surfaced 
areas, and ability of the soil to resist erosion., A number of chemical 
properties of soils are also critical for grounds, especially for 
plantings. Salts or alkali will injure or kill most plants. Acidity 
favors some plants and injures others, as does high alkalinity. 
bility and balance of nutrients are important. 

Availa- 

The infonnation provided by soil surveys about these properties can 
be used to identify potential problems and to suggest what is needed to 
solve them. 
treatment for the many kinds of soil require the combined skills of 
horticulturalists, landscape architects, and soil scientists. 

Specific interpretations recommending specific plants and 

Many lawn and ornamental plantings are made on the exposed subsoil 
or substratum in leveled areas or on excavated material that has been 
spread over the ground. 
materials. 
materials for lawns and other plantings, the amount of topsoil that must 
be added, and other treatments that are necessary for satisfactory 
establishment of vegetation. 
important for highway departments, which establish and maintain large 
areas of plantings on subsoil material in rights-of-way. 

Soil suFeys describe the properties of these 
Interpretations can be made in terms of suitability of the 

Interpretations of this kind are also 

Roads and Utilities and Construction Material 

Local roads and streets, parking lots, and simLlar structures are 
supported by soil. Pipelines and conduits are commonly buried in soil. 
Soil material is used for such purpses, as topsoil, roadfill, and 
aggregate for concrete. Soil interpretations predict the suitabilities 
and limitations of different kinds of soil for these uses. Some of the 
properties that affect these uses are discussed in the previous section, 
"Building Sites." 

Soil interpretations cannot predict in detail the perfonnance of 
highways, major streets, and similar structures. Such structures 
require onsite testing of the soil: failure is extremely costly in terms 
of repair or replacement. 
collaborate in making some of the sophisticated interpretations needed 
along proposed routes of highways. 
be used directly by engineers. 

Highway engineers and soil scientist can 

Data about soil properties can also 

Soil interpretations can be used to predict problems likely to be 
They can be used along with hydro- encountered along proposed routes. 

logic and other data to estimate potential runoff so that needed capaci- 
ties can be predicted for culverts and bridges. 
bedrock, and unstable soils that require special treatment or removal 
can be tentatively identified from soil s m e y s ,  although additional 
investigations will be required. 

Obstacles, such as 

Because they show the extent of soils that behave alike, soil 
surveys can reduce the number of borings and engineering tests needed, 
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particularly for the upper 5 or 6 feet of the 60il. Soil surveys in 
conjunction with engineering tests are used to identify soils that can 
be stabilized in place for the road base and to identify the likely 
problem areas where gravel or crushed stone will be needed. Soil 
surveys are also used in locating suitable deposits of aggregate. 
Information from soil surveys can be used with other information to 
determine methods of stabilizing cuts and fills and to plan landscaping 
along rights-of-way. 

Certain soil properties affect the cost of installation and length 
of service of buried pipelines and conduits. 
example, greatly increases installation cost. Buried metal corrodes, 
and the rate of corrosion is related to such factors as soil wetness, 
differences in soil aeration from place to place along the line, elec- 
trical conductivity,and acidity. Contrast in properties between adja- 
cent horizons further influences corrosion in some soils. Soil proper- 
ties also affect the cathodic protection provided by sacrificial metal 
buried with pipes. Fragments of rock can break protective coatings on 
pipes, exposing the spots to corrosion. 
soils may preclude the use of utility pipes that could be broken by 
changes in soil volume. 

Shallow bedrock, for 

Shrinking and swelling of same 

Soil surveys are used to locate material that can be excavated and. 
transported for many purposes. Organic soil material is used widely as 
horticultural mulch, potting soil, and soil conditioner. 
material of good physical condition, usually rich in organic matter, is 
applied to lawns, gardens, roadbanks, and other places as topsoil. 
Material that compacts readily and has high strength and low shrhkrell 
potential is used as base material under roads and other foundations. 
Gravel and sand are used for concrete, road surfacing, gravel filters in 
drainage fields, and other uses. 

Mineral soil 

Soils can be rated as probable or improbable sources of these 
materials. 
be determined at the required level of accuracy.frcnn a soil survey, but 
the soil map shows the location and extent of material that may be 
suitable. 
the deposit. 
suitability of soils for various kinds of construction material. 

The quality of a material at a specific site cannot always 

Onsite investigations can be made to determine the quality of 
Survey infoxmation can also be used to estimate the 

Waste Disposal 

Soil is used to absorb or cover wastes of many kinds and to filter 
The effluent from septic systems is and purify the leachate from them. 

distributed in filter fields.. 
landfills and covered with soil material. 
treatment plants are applied to the soil for disposal, as are solid and 
liquid wastes from factories that process farm products. Liquid wastes 
are stored and treated in lagoons made of soil material. Industries of 
various kinds, some of which produce toxic wastes, increasingly are 
considering land application. 

Solid wastes are deposited in sanitary 
Liquid and sludge from sewage 
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e Many kinds of waste can be used to improve soil productivity. 
potential for soil improvement depends on the nature of the soil and the 
characteristics of the waste. .Appropriate timing and proper rates of 
application are necessary in using wastes to improve the soil. Where 
reuse, rather than disposal, is the objective, small quantities are 
applied on large areas, so the potential for pollution is greatly 
reduced. 

The 

The interpretation of soils for.use or disposal of waste involves 
an understanding of the properties of different kinds of waste and the 
problems inherent in disposing of or using them in different kinds of 
soil. The transformations of wastes in the soil and the movement of 
contaminating substances to bodies of water are complicated processes. 
Health concerns are commonly involved, and eutrophication can result if 
nutrients from wastes reach bodies of water. 

Kinds of soil differ ixnensely in their capacities to absorb, 
decompose and deactivate wastes without contaminating ground or surface 
water or the atmosphere and without altering the level of pollutants in 
the soil that could inhibit the growth of crops of other desirable 
plants. 

Published soil surveys give limitations and suitabilities of soils 
for selected means of-waste disposal. 
reuse of wastes in soil increases and standards for water qual'ity become 

likely be needed. 
and reuse of animal wastes, food processipq wastes, sewage treatment 
products, and industrial plant wastes, all of which include a variety of 
potential contaminants. 

As the demand for disposal or 

more stringent, more interpretations for waste disposal systems will - 
More specific interpretations may be needed for disposal 

Interpretations include ratings of the limitation or suitability of 
soils for waste disposal, estimates of safe levels of application 
(loading), and predictions of benefits or damage to the soil and to 
plants. Currently some kinds of interpretation, such as safe loading 
rates fo r  different kinds of wastes, can be made with precision for only 
a few kinds of soil. 
soils the behavior of critical constituents of waste and of the 
decomposition products. Nevertheless, important predictions can be made 
from existing knowledge about the effects of many critical soil 
properties on disposal of most wastes. 
susceptible to flooding are poor places for disposal of almost any kind 
of waste. 

Research is needed to determine for benchmark 

' 

As an obvious example, areas 

The following relationships influence the suitability of a soil for 
disposal of most kinds of waste: 

Feasibility of distributing wastes and mixing them into the soil: 
Steep slope, stoniness, rock outcrops, wetness, and other soil 
properties limit or prevent spreading and mixing of solid wastes or 
surface spreading or injection of liquid wastes. 
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Rate a t  which the  s o i l  can absorb wastes a t  d i f fe ren t  times: .Slow 
i n f i l t r a t i o n  limits the r a t e  at which l iqu id  wastes can be applied 
on t h e  surface. 
wastes can be spread or injected. Depth of the s o i l  over a hardpan 
or bedrock limits the amount of l iquid waste t h a t  a s o i l  can absorb 
i n  a given period. 
when wastes can be applied. 

Slow permeability l i m i t s  t he  rate a t  which liquid 

Periodic freezing or saturat ion limits times 

Capacity of t h e  soil t o  re ta in  and deactivate pollutants:  
d i f f e r  i n  t he i r  capacity t o  re ta in  pol lutants  u n t i l  deactivated o r  
used by plants. Nitrates, fo r  example, pol lute  ground water i n  
some places; very rapidly permeable s o i l s  transmit n i t r a t e s  t o  
ground water before they can be absorbed by plants.  
important i n  eutrophication of surface water; erodible soils and 
saturated or  frozen s o i l s  allow runoff t o  carry phosphates t o  
streams. Soi ls  having limited capacity above slowly permeable 
layers might allow water that is  carrying pol lutants ,  possFbly 
including pathogens, t o  emerge a t  the surface and en te r  streams. 

So i l s  

Phosphates are 

Loading capacity: 
wastes can be applied without contributing pol lu tan ts  t o  ground or 
surface water. 
closely spaced houses depend on sep t ic  tanks and where large 
numbers of l ivestock on a small area produce la rge  q u a n t i t i e s  of 
waste, 

Kinds of s o i l  d i f f e r  widely i n  t h e  r a t e  a t  which 

fnading capacity is especial ly  cr i t ical  where 

Effects  on t h e  s o i l  and on plants: 
e i the r  improve o r  degrade physical, chemical, o r  biological  proper- 

.ties of s o i l s ,  depending on the kind of waste and the kind of so i l .  
For example, heavy loading with l iquid waste sa tu ra t e s  some kinds 
of s o i l  and makes them useless f o r  growing some plants.  
other hand, heavy loadings can be used ef fec t ive ly  t o  i r r i g a t e  and 
f e r t i l i z e  other kinds of soil. 
recognized f o r  improving cropped so i l s ,  but  the e f f e c t s  d i f f e r  
according t o  the kind of soil. 
indus t r ia l  wastes can s t e r i l i z e  the  soil. Large quan t i t i e s  of 
waste make large changes in the s o i l  environment. 
massive loading with l iqu id  waste can drench the soi l  f a s t e r  than 
the hardest  rains.  
and d ras t i ca l ly  changes soil processes. The long-term e f f e c t s  on 
the  s o i l  need t o  be assessed. 

Large quant i t ies  of waste may 

On t h e  

Animal wastes have long been 

Chemical contaminants i n  some 

For example, 

This creates a great ly  d i f f e ren t  environment 

The first s t e p  i n  making interpretat ions of soils for disposal o f  
wastes is  usually t o  determine how disposal systems f o r  each kind of 
waste have performed on spec i f ic  kinds of s o i l  i n  the area. 
may have been acquired i n  prac t ica l  operations or  by research. If 
performance can be d e t e d n e d  for benchmark s o i l s ,  it can be predicted 
for other kinds of soil by comparing c r i t i c a l  properties. Soil  scien- 
tists and spec ia l i s t s  i n  other discipl ines  determine what propert ies  are 
c r i t i c a l  and how t o  appraise their effects .  Limiting values of critical 

Experience 

properties can be determined through 
making interpretat ions where data on 
lacking. 

experience and may be used i n  
s o i l  perfonnance is scarce or , 

~ 
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Water Management 

Soil-water re la t ions a f f ec t  many land uses. The use and management 
of water a r e  affected by properties of the so i l .  

So i l  surveys provide information useful  t o  geologists,  
hydrologists, and engineers about the location and use of subsurface 
water. Soi l s  infozmation is most useful for estimating the  amount of 
water i n  unconsolidated material  a t  r e l a t ive ly  shallow depths. 
- 

"Ground water" re fers  t o  deep-seated zones of satrzr,ation tha t  are  
below the depth of s o i l s  investigations.  
r e l a t e  t o  ground water depend on d isc ip l ines  other  than s o i l  science. 
Soi l  surveys have l i t t l e  value f o r  predicting the amount of water i n  
bedrock. or a t  great  depths, although inferences can be drawn from s o i l  
data i n  some areas. Soi l  surveys do describe s o i l  propert ies  t ha t  are  
s ign i f icant  f o r  estimating r a t e s  of i n f i l t r a t i o n  and percolation of 
water t o  deep aquifers. 
potential '  for recharge of ground w a t e r  from surface water. 

Most in te rpre ta t ions  t h a t  

This information is useful i n  appraising the 

A seasonal high water table, is a zone'of saturat ion a t  the highest 
It is a t  least 6 inches thick,  average depth during the wettest season. 

p e r s i s t s  i n  the soii for more than a f e w  weeks, and is within 6 f e e t  of 
the s o i l s  surface. 
have saturated zones give the kind of water table, its l eve l  i n  the 
s o i l ,  and the t i m e  of year vhen it a f f e c t s  use and management. 

Most published surveys i n  areas where some s o i l s  

Three kinds of seasonal high water table are recognized within the 
so i l :  apparent, perched, and artesian. Another kind is above the s o i l  
surface much of the time causing ponding. 
water t ab le  is  the leve l  a t  which water stands i n  a freshly dug, inlined 
borehole a f t e r  adequate time for adjustments i n  the  surrounding so i l .  A 
perched water table is one t h a t  e x i s t s  i n  t h e  s o i l  above an unsaturated 
zone. 

An apparent seasonal high 

A water table may be inferred t o  be perched on the  basis of 
general knowledge of the w a t e r  l eve ls  of --area, t h e  landscape posi- 
t ion ,  the  permeability of s o i l  layers, and from other  evidence. 
prove t h a t  a water t ab le  is perched, the water leve ls  in boreholes must 
be observed t o  f a l l  when the  borehole is extended. Artesian water table  
i s  one t h a t  e x i s t s  under hydrostatic head beneath an Impermeable layer,  
when the impermeable layer  has been penetrated by a cased borehole, the 
water rises. The f i n a l  l eve l  of the water i n  t h e  cased borehole may 
then be characterized as an a r tes ian  water table. 
water i n  a closed depression. 
t ranspirat ion,  or evaporation. 

To 

Pondin5 is standing 
The water is removed only by percolation, 

Other information about the  water table may be important. 
kinds of s o i l  an apparent water table f a l l s  rapidly from its highest  
l eve l  t o  depths a t  which it would have no bearing on s o i l  use or manage- 
ment. 
t h e  water table pe r s i s t s  within 200 cm of the  surface f o r  long periods. 
The presence or absence of water i n  the  lower pa-' of the  s o i l  is 
s igni f icant  f o r  some uses. The spec i f ic  t i m e s  wh-n the water tab le  is  
above some c r i t i c a l  depth a re  very impor tan t  for cer ta in  uses ,  such a s  
s ep t i c  tank absorption f ie lds .  

In  some 

A perched water tab le  may disappear en t i re ly .  I n  other s o i l s ,  
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Depth t o  a high water tab le  is measured from the  surface of the  
’ s o i l  t o  t h e  top of the  water standing i n  a borehole. 
table  for  a s o i l  is usually reported as  a range t h a t  covers the varia- 
t ion w i t h  time and topography: 
s tands  above t h e  surface pa r t  of the time, so the higher l eve l  is 
reported as  a posi t ive value: 
ranges from 10 cm above the surface t o  5 cm below. 

Depth t o  the  water 

“20 t o  50 cm.“ I n  some soils, water 

“+lo t o  Scm,” meaning that the high water 

The time of year  that t h e  high water table is present is a lso  
described. 
February through May” means tha t  the water table w i l l  be between those 
depths a considerably length of time during the period of February t o  
May. 
depths f o r  the  e n t i r e  four-month period. 

“The high water table is a t  a depth of 20 t o  50 cm from 

It does not necessarily mean t h a t  the water table is between those 

Natural s o i l  drainage classes and patterns of soil-water states 
(Chapter 4)  a l so  describe soil-water re la t ions over time. 
precise than the information typical ly  provided about t he  water table, 
b u t t h e y  give information about a broader range of conditions. 

They are less 

Soils information is  used i n  predicting the s u i t a b i l i t y  of s o i l s  
fo r  ponds and reservoir areas and as  material f o r  embankments, dikes, 
and levees. Soi l  surveys ident i fy  favorable and hazardous propert ies  i n  
the upper 2 m of -soi l .  Engineers who are expelt in pond design and con- 
s t ruct ion cooperate with soil  s c i en t i s t  i n  making these interpretat ions.  
The main cri teria f o r  pond reservoir areas are the  seepage poten t ia l  of 
the s o i l ,  which is determined by permeability, and the depth t o  
fractured or permeable bedrock, pans, or other layers  t h a t  are d i f f i c u l t  
t o  excavate. 
water . Seepage potent ia l  indicates how w e l l  the pond w i l l  hold 

Estimates of grain-size dis t r ibut ion,  l iquid limit, p l a s t i c i t y  
index, and other s o i l  eropert ies  a re  given f o r  cri t ical  layers  of each 
s o i l  i n  most surveys. 
appraise the soil excavated from the pond or resentoir  area or from 
nearby areas  f o r  use i n  e a r n e r n  dikes. 

These estimates can be used by engineers to  

Soils information can be used together with hydrometerological and 
land-use da ta  t o  predict  runoff t o  a pond site, e rod ib i l i t y  of t he  s o i l s  
i n  the watershed, and the  r a t e  of accumulation of sediment i n  the  pond. 

Impoundments fed by surface water and contained by earthen dikes 
have somewhat d i f f e ren t  soil requirements than  those that  are excavated 
and fed by ground w a t e r  (aquifer fed). Separate in te rpre ta t ions  are 
commonly given f o r  the two kinds of pond. 

Predictions of -off are essent ia l  f o r  watershed planning and for 
other planning operations. The kind of s o i l  is one of several  fac tors  
t h a t  determine runoff,. 
capacity t o  take i n  water a t  the surface and to  transmit it in te rna l ly  
under standard conditions. The c lass i f ica t ion  is based on the  minimum 
r a t e  of i n f i l t r a t i o n  on bare s o i l  a f t e r  prolonged wetting. 
r a i n f a l l  in tens i ty ,  and other factors  a re  disregarded i n  determining a 

Hydrologic groups c lass i fy  soils by their 

Vegetation, 
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soil's hydrologic group, although they are important in estimating 
runoff . 

There are four hydrologic groups: 

Group A (low runoff potential): Soils having high infiltration 
rates even when thoroughly wetted. They consist chiefly of deep, 
well drained to excessiveiy drained sands or gravel. 
have a high rate of water transmission. 

These soils 

Group E: 
wetted. 
well drained to well drained soils of moderately fine to moderately 
coarse texture. These soils have a moderate rate of water trans- 
mission. 

Soils having moderate infiltration rates when throughly 
They consist chiefly of moderately deep to deep, moderately 

Group C: 
wetted. 
downward movement of water and soils that are moderately fine 
textured to fine textured. 
transmission. 

Soils having slow infiltration rates when thoroughly 
They consist chiefly of soils having a layer that impedes 

These soils have a slow rate of water 

Group D (high runoff potential): Soils having very slow infiltra- 
tion rates when thoroughly wetted. 
high swelling potential, or have a high water table, or have a 

nearly impervious material. 
water transmission. 

These soils are clay with a 

claypan or clay layer at or near the surface, or are shallow over 
L 

These soils have a very slow rate of 

Infiltration rate is the rate at which water enters the soil at the 
surface. Transmission rate is the rate at which the water moves 
within.the soil. The transmission rate used is that of the soil in 
its characteristic natural setting after thorough wetting. 

The descriptions given for the hydrologic groups are typifying 
examples against which soils are compared, 
must have high rates of 60th infiltration and transmission, combinations 
of intake and transmission rates other than those given qualify a soil 
for a group. 
of water. For example, some well drained, coarse textured soils have 
slowly permeable layers in the lower part of the profile that Impede 
water transmission. Very coarse layers in finer textured soils also 
impede downward water movement. Some fine textured soils have large 
connecting pores or continuous channels and thus rapidly dispose of 
water internally, even when wet. The .combined effects of properties 
that influence infiltration and properties than influence internal 
transmission of water determine a soil's hydrologic group, 

Except for group A, which 

Either intake or transmission can limit internal movement 

Unlike permeability classes, hydrologic groups describe water 
transmission in the soils' natural setting. A soil may have a high 
water table even though the soil material to an undetermined depth is 
rapidly permeable. 
logic group D. 

Such a soil transmits water slowly and is in hydto- 
If such a soil is drained to the extent that the water 
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other groups. 
a high apparent water table after through wetting, as by irrigation, 
also, are in group D. 
considered if they are characteristic of the soil. Evidence of periodic 
wetness in humid regions and accumulations of salts related to water 
transmission in arid regions are examples of the kinds of evidence to be 
considered. 

Soils of arid regions that are normally dry but have 

Physiographic position and deep layers are 

Soils are placed in hydrologic groups by series. Adjustments can 
be made for some features that define phases. 
table no longer retards water transmission, it is placed in one of the 
an attribute of the series and is not differentiated further. 
texture of the surface layer vary within a series and may affect 
infiltration. Therefore, the series classification is a relatively 
broad generailization that expresses a norm. Different hydrologic 
groups can be assigned to phases of the series if factors such as stones 
on the surface, texture of the surface layer, or amount of previous 
erosion vary widely within the series and produce a wide range in 
infiltration and runoff. 

Irrigation and drainage 

Surface configuration is 

Slope and 

Interpretations of soils for installation, use and maintenance of 
irrigation and drainage systems depend on engineering, hydrology, 
economics, and related disciplines in addition to soil science. The 
interpretations show which soils are most responsive to irrigation or 
drainage and give infonuation needed to design the most economical 
systems. 
after they have been drained or irrigated. 

The interpretations also predict the performance of soils 

Many soils perform very differently after being drained o r  
irrigated. 
soi l .  
are impervious to water may have little or no influence on the behavior 
of the soil until it is irrigated. 

Irrisation and drainage change the moisture regime of a 
In arid regions, deep layers that contain soluble salts or that 

Soils to be irrigated must also be drainable. Otherwise salts 
cannot be leached out of the upper part of the soil and will build up to 
toxic levels, or the soil may quickly become waterlogged. 

Soil interpretations predict performance of the soils after 
irrigation or drainage and the difficulty of overcoming new problems. 
In addition, interpretations guide the selection of craps and management 
systems for the treated soil. 

In humid regions, irrigation makes little change in the environment 
of the soil; 
rainfall. 
sprinkling. 
type, which can prevent many management problems. 
interpretations usually consider such factors as infiltration, hydraulic 
conductivity, water retention, erodibility, slope, microtopography, 
stoniness, soil depth, and properties that affect the response of crops 

Many irrigation systems are designed only to supplement 

However, many new systems i n  humid regions are the trickle 
Many use portable equipment, and most apply water by 

In humid areas, 

11-45 
(430-V-SSM , May 1985) 

I 



to supflemental water. Important considerations are (1) feasible 
application rates for water, 1 2 )  potential for waterlogging, ( 3 )  
possibility of erosion by irrigation water, (4) physical obstructions to 
use of equipment, ( 5 )  susceptibility to flooding, and ( 6 )  chance of 
drought. 

Interpretations for irrigation in arid and semiarid regions are 
much more complex. 
the normally dry soils and affects some kinds of soil differently than 
it does others. In addition to the soil properties that are important 
in humid regions , salinity and sodicity can be significant. 
water is extremely important, .and water of poor quality affects 
different soils differently. 
critical for soils that conduct salt-laden water to low places where 
both.salt and water may concentrate. 
including flooding, furrow, drip, and various kinds of sprinkler 
systems. 
installations, create tracks that may start erosion. 

Irrigation drastically changes the environment of 

Quality of 

Minor variances in slope and elevation are 

Irrigation systems are diverse, 

Systems that move on wheels, such as center-pivot 

Soil-water relations are of special importance in irrigation. 
properties that affect growth of plants also are of prime impottance. 
In addition to infiltration rate, hydraulic conductivity, and available 
water, capacity, the following characteristics are important for 
irrigation: 

Soil 

* Effective rooting depth: Most irrigated crops do well in a rooting 
zone of 90 cm. A shallower rooting zone restricts crop selection 
and requires mote precision in irrigation and crop management. 

Bulk density: 
conditions and impair-root growth. 
soils, bulk density of more than 1.65 c/m is unfavorable. 

A dense subsoil can cause adverse drainage 
In megium- and fine-textured 

Texture: Soils of all textural classes can be successfully 
irrigated. 
for soils at the extreme ends of the textural range. Soils high in 
swelling clays should not be allowed to dry .out and crack, 
coarse sands, special systems are required that can deliver water 
over a large area and can be moved quickly. 

Good management and some additional costs are needed 

On 

Reaction: (pH): In addition to identifying a need for lime, soil 
reaction may indicate characteristics unfavorable for irrigation. 
A pH above 8.5 may indicate the presence of significant amounts of 
exchangeable sodium. Few soil having pH of less than 7.5 have salt 
problems. 

Cation exchange capacity: 
ability of the soil to retain and supply nutrients. Cation 

Cation exchange capacity shows the 

exchange capacity above 8 to 10 m e q  per 100 g of soil in the upper 
30 cm is usually satisfactory. 
capacity (less than 3 meq per 100 g )  are poorly suited to most 
crops. 

' 

Soils that have I& cation exchange 
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Salinity and sodicity: Soils that are high in sodium require 
special management. Salinity is particularly a problem where 
drainage conditions are unfavorable for the removal of soluble 
salts by flushing. 

Other properties may influence the suitability of the soil for 
irrigation. 
high content of expanding clay minerals and contain more than 15 percent 
exchangeable sodium. 
can limit the potential for irrigation, especially in arid regions. 
Calcic and petrocalcic horizons limit or restrict root growth and can 
make land leveling troublesome. 
horizon have low potential productivity. 
percolating through the soil may dissolve the gypsum and cause sinking 
and subsidence. 

Structural stability is low in clayey soils that have a 

Large amounts of carbonates or gypsum in the soil 

Soils that have a shallow qypsic 
In addition, excess water 

Detailed or highly detailed (first-order) soil maps are needed in 
most irrigated areas. 
than usual in these surveys. Knowledge of water movement through 
underlying layers is essential, For example, the soil scientist must 
estimate the thickness of soil material that can be safely removed in 
leveling. The collaboration of engineers is needed in preparing many 
interpretations for irrigation. 

Soils are normally examined to greater depths 

Ratings of each soil according to suitability or limitations for 
irrigation are given along with the kind of limitation. 
management can be given for groups of soil that have similar potentials 
and limitations and for which systems can be designed. Crop yields can 
be predicted both w i t h  and without irrigation, 

Irrigation 

Drainage is the removal of excess water from the surface of the 
soil or the rooting zone. 
slowly permeable soils can be improved by smoothing or shaping the 
surface. More penneable soils respond to subsurface drainage, open 
ditches, or combination sytems. 

In areas of high rainfall, drainage of 

The capacity of a soi l  to transmit water vertically and 
horizontally is the most important internal property affecting drainage, 
Unstable stmcture, abrupt changes in texture, pans or cemented 
layers,and impervious rock influence water movement, 
such as stoniness and slope, affect installation and functioning of 
drainage systems . 

Other properties 

Drainage engineers working with soil scientists can provide design 
criteria for specific soils, including spacing and depth of subsurface 
drains, depth and width of open ditches and slope of their sides, and 
allowable gradient, For deep ditches, detailed information about deeper 
soil layers is required to detedne requirements for channel stability. 
Observations and records of stability of existing channels in similar 
soils elsewhere can provide data for determining design criteria in the 
survey area. 

Soils of coarse .silty texture tend to m w e  into and clog subsurface 
Amount and kind of clay.are critical for mole drainage systems. , drain . 
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0 Very coarse textured soils may be made droughty by drainay=s. 
soils contain sulfides that oxidize to sulfatas on exposure to air, 
causing extreme acidity after drainage. 
drainage. 

Some wet 

Wet organic soils subside after 

Snoothing and grading improve drainage by increasing runoff. These 
practices are used with subsurface systems. 
improve drainage of soils having such slow hydraulic conductivity that 
subsurface drainage is ineffective. Soil slope is especially critical 
for surface drainage, but most of the properties mentioned for 
subsurface drainage systems are also important. 

They are also used to 

I 

Recording, Retrieveing, and Coordinating Soil Interpretations 

Scril interpretations are issued in many forms besides the published 
A report can be prepared fo r  part of a survey area as soon soil survey. 

as that part has been mapped but before the entire area has been 
completed. Interpretations of special or temporary interest are 
sometimes prepared but may not be included in the published survey. 
Interpretations intended specifically for soi l  consertationists are 
commonly included in technical guides, which are separate from the 
published soil survey. Much of the interpretive information, however, ' 

will appear in the final publication. (See Chapter 12). 

Soil interpretation begins with the mapping and descriptive 
legends. 
the soil handbook for use while the survey is in progress. 
handbook is revised as additional information is developed, and it 
provides the basis for the first draft of the manuscript for the 
published soil survey. (See Chapter 6 ) .  

Interpretations are included with the descriptive legend in 
The soil 

Automatic data processing systems have immensely increased the 
Interpretations opportunities for organizing soil interpretations. 

stored in data banks can be manipulated by the computer to produce 
grouks of soil that have the same limitations or  potentials for given 
uses, classes of soil properties, kinds of uses, needed practices, 
productivity, and the like. These groups can be retrieved singly 
or in combinations as tables, listings, or diagrams, Soil map data also 
can be stored. 
show the distribution of soils that have different limitations, 
suitabilities, management needs, and so forth, 

From the stored data, the computer can print maps t h t  

(See Chapter 121, 

The use of automatic data processing contributes to maintaining 
uniformity and consistency in soil interpretations. 
processed by people, a given interpretation need not be expressed in 
precisely the same terms in one area as in another. 
are not capable of resolving the differences between undefined parts of 
overlapping classes. 
form using standardized terms. 
processing have led to standardization of formats for interpretations 
that are to be recorded. Standard defined terms, or codes for them, are 
entered on a form. 
These data can then be transferred to the information data bank. 

When data are 

Computers, however, 

Therefore, the data must be recorded in consistent 
The requirements of automatic data 

Quantitative values are entered where appropriate. 
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-APPENDIX GT.7B 
WALKLEY-BLACK PROCEDURE 
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obtained if dichromate methods are applied to soils containing significant 
amounts of carbonized materials. Dry combustion methods are most appro- 
priate for soils containing large amounts of elemental C. 

29-3.5.2 WALKLEY-BLACK PROCEDURE (Walkley, 1946; Peech et al., 1947; 
Greweling & Peech, 1960) 

29-3.5.2.1 Reagents. 

1 .  Potassium dichromate (KICrIO,), 1N: Dissolve 49.04 g of reagent-grade 
K2Cr20,  (dried at l05OC) in water, and dilute the solution to a volume of  
1 ,OOO ml. 

2. Sulfuric acid (HISO,), concentrated (not less than 96%): I f  C1- is present 
in soil, add Ag,SO, to the acid at the rate of IS glliter. 

3. Phosphoric acid (H,PO.). concentrated. 
4. o-Phenanthroline-ferrous complex, 0.025M: Dissolve 14.85 g of o-phen- 

anthroline monohydrate and 6.95 g of ferrous sulfate heptahydrate 
(FeS0,*7H20) in water. Dilute the solution to a volume of 1,OOO ml. The 
o-phenanthroline-ferrous complex is available under the name of Fer. 
roin from the G .  Frederick Smith Chemical Co. (Columbus, Ohio). 

5 .  Barium diphenylamine sulfonate: Prepare a 0.16% aqueous solution. 
This reagent is an optional substitute for no. 4. 

6. Ferrous sulfate heptahydrate (FeSO4-7H,O) solution, 0.5N: Dissolve 
140 g of reagent-grade FeS0,*7H10 in water, add I 5  ml of conc sulfuric 
acid (HISO.), cool the solution, and dilute it to  a volume of 1.OOO ml. 
Standardize this reagent daily by titrating it against 10 ml of IN potas- 
sium dichromate (KICr,07), as described below. 

Procedure. Grind the soil to pass through a 0.5-mm sieve, 
avoiding Fe or steel mortars. Transfer a weighed sample, containing I O  to 
25 mg of organic C; but not in excess of 10 g of soil, into a 500-ml wide- 
mouth Erlenmeyer flask. Add 10 ml of IN KICrlO,, and swirl the flask 
gently to disperse the soil in the solution. Then rapidly add 20 ml of conc 
H,SO,, directing the stream into the suspension. Immediately swirl the flask 
gently until soil and reagents are mixed, then more vigorously for a total of 
1 min. Allow the flask to stand on a sheet of asbestos for about 30 min. 
Then add 200 ml of water to  the flask, and filter the suspension if experi- 
ence shows that the endpoint of the titration cannot otherwise be clearly dis- 
cerned. Add 3 to 4 drops of o-phenanthroline indicator, and titrate the solu- 
tion with 0.5N FeSO,. As the endpoint is approached, the solution takes on 
a greenish cast and then changes to  a dark green. At this point, add the 
ferrous sulfate heptahydrate drop by drop until the color changes sharply 
from blue to red (maroon color in reflected light against a white back- 
ground). Make a blank determination in the same manner, but without soil, 
to standardize the Cr1O7’-. Repeat the determination with less soil i f  > 75% 
of the dichromate is reduced. 

Calculate the results according to the following formula, using a cor- 
rection factory = 1.30 or  a more suitable value found experimentally: 

29-3.5.2.2 
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(meq K,Cr,O, - meq Fe S0.)(0.003)(100) 
g water-free soil OrganicC, 070 = X J  ~ 3 1  

29-3.5.2.3 Comments. Ferrous ammonium sulfate is also a suitable 
titrant for excess Cr,07’- in conjunction with the Walkley-Black method. 
The Smith and Weldon (1941) modification involving complete reduction of 
Cr,07*- with Fe”, and subsequent back-titration of excess Fe” with Mn0,- 
solution may also be used to estimate unreacted Cr2072-.  Other oxidation- 
reduction indicators that have provided satisfactory results include barium 
diphenylamine sulfonate and N-phenylanthranilic acid. The amounts of 
CrI07” reduced to Cr” by reaction with soil organic matter may also be 
estimated colorimetrically. 

29-3.5.3 MODIFIED MEBIUS PROCEDURE 

29-3.5.3.1 Special Apparatus. 

1. Erlenmeyer flasks (125 mi) fitted with female standard-taper 24/40 
ground-glass joints (Corning 5000 or Kimble 26510). 

2. West condensers (30 cm) fitted with male standard-taper 24/40 ground- 
glass joints at the lower end (Corning 2800 or Kimble 18190). 

3. Electric hot plate extraction unit (six plates per unit) fitted with in- 
dividual rheostat controls (Labconco 60300, Precision 65500, LablLine 
Multi-Unit Extraction Heater, or equivalent). 

29-3 5 3 . 2  Reagents. 

1. Potassium dichromate solution (K,Cr,O,), 0.5N: Dissolve 24.5125 g of 
K,Cr,O, (oven-dry) in 200 ml of deionized water, and dilute to 1 liter. 

2. Sulfuric acid (H,SO,), concentrated, not less than 96%. 
3. Ferrous ammonium sulfate hexahydrate solution [Fe(NH,),(SO.),- 

6HIO], 0 . N  Dissolve 78.390 g of Fe(NH,)I(S0,),*6H,0 in 50 ml of 
conc H,SO.. and dilute to 1 liter with deionized water (must be standard- 
ized daily because of slow oxidation). 

4. Indicator solution: Dissolve 0.100 g of N-phenylanthranilic acid and 
0.107 g of sodium carbonate (NaXO,) in 100 ml of water. 

Procedure. Weigh an amount of < 100-mesh soil ( 5 0 . 5  g) 
containing not greater than 8 mg of organic C into a 125-ml Erlenmeyer 
flask. Add exactly 10 ml of 0.5N K,Crz07 solution and I5 ml of conc H,SO, 
(HSO, may be added by burette). Attach the flask to the West condenser, 
and place on a preheated electric hot plate. Include a blank in each group of 
five soil samples to be heated and at  least two unboiled blanks (unboiled 
blanks are unheated mixtures of 10 ml of 0.5N K,Cr,O, and I5 ml of conc 
HzSO.) for each day that analyses are performed. The normality of the 
Fe(NH,),(SO4),-6H,0 solution is determined by titrating the unboiled 
blank. Gently boil each sample for 30 min, and then insert an asbestos pad 
between the hot plate and bottom of the Erlenmeyer flask. Allow the flask 
to cool for about I5 min, and rinse the inside of the condenser with de- 

29-3.5.3.3 
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Table 29-2. Comparison of methodologies used for determination of organic C in soils. Method Principle Advantages Disadvantages 

Useful if total C and inorganic C Two separate analyses are required. 
Total C determination requires 

' special equipment. Organic C cal- 
culated by difference has some 
inherent error. 

are routinely determined 
Total C and inorganic C are 

determined on separate samples: 
Organic C = Total C 
- inorganic C. 

Difference between total c 
and inorganic c 

Determined as total c after 
removal of inorganic C 

Dichromate oxidation 
without external heat 

Dichromate oxidation with 
external heat 

Total C is determined in soil 
sample after removal of inorganic 
C with an acid pretreatment: 
Organic C = total C. 

Dichromate oxidizes organic C to  
CO, in acid medium Amounts of 
Cr,O,a- reduced is quantitatively 
related to organic C present. 
Not all organic C in samples is 
oxidized when external heat is 
omitted. and a correction factor 

Not all dolomite in soil may be r e  
moved by acid treatment. 
Specialized equipment needed. 

ivxurate if dolomite is absent 
from soil 

Incomplete oxidation of organic C 
necessitates use of a correction 
factors. which often results in 
erroneous values. Chloride. Fe". 

Very rapid and simple 
No special equipment required 

~~ 

and MnO, interfere with method. 
I t  assumes soil organic C has an 
average valence of 0. 

is required 
This is the same a s  the dichromate 

method above except that all 
organic C in the sample is 
oxidized. and no correction 

Rapid and simple 
Complete oxidation of organic c 

Chloride. Fe". and MnO, interfere 
with method. Some specialized 
equipment is needed. I t  assumes 
soil ornanic C has an average 

occurs 

valence of 0. iictor is required. 
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-3.2 Organic Cnrhnn ns Cnlciilatcd frnm Totnl Csrhnn nclcrminntions 

hlcthods previously dcscribcd for total C arc basic for many of thc pro- 
.lures iiscd to tlctcrniinc organic C in soils. I lo\wvcr, soils may contain 
tIi organic and inorganic C, and thus total C analysis proccdurcs recover 

, 1 1 1  fnriiis of C. In noncnlcarcolls soils and soils not rcccntly linictl, tlic 
i a l  C can bc consitlcrcd to hc organic C. With calcareous or  rcccntly limctl 
ils, organic C niay be cstiniatcd as the differcncc bctwccn total C and i n -  
1:niiic C conccntrntinns. 

-2.2.1 

Prcpare soil samples, and conduct a total C determination by dry or 
:I combustion using titrimetric, gravimetric, volumctric, infrared, or 
crmal conductivity lechniqucs to quantitate cvolved CO,  as described in 
ction 29-2. Report the total C detcrmincd as perccnt organic C in the sam- 
c (i.e., total C = organic C). 

1-3.2.2 ORGANIC CARRON IN CALCAHICOUS SOII,S 

Prepare soil samplcs, nnd conduct a total C determination on  thc 
aniplc by dry or wet combustion tcchniqucs as dcscribcd in scction 29-2. 
ctcrminc inorganic C on  a separate samplc by one of thc quantilativc 
cilinds descrihcd in scction 11-2. Calculate the pcrccnt organic C in thc 
aliiplc from thc rclationship 

ORGANIC CARRON I N  NONCA1,CAREOUS S 0 I I . S  

Vn organic C = "/In total C - "7a inorganic C. VI 

29-3.3 Wcf and l)ry Cornhestion Tccliniqucs for Organic 
Cnrhnn in Cdcareniis Soils 

. 
In contrast to noncalcarcorls soils, inorganic C must he removed from 

ilcarcous or  rccently limed soils bcfore the analysis i f  wet or  dry combus- 
on techniques are used to dircctly measure the organic C present. 

Inorganic C is conveniently rcmoved before wet combustion by 
retreating thc sample contained in  a digestion flask with a mixture of dilutc 
'l:So, and FeSO,. The FeSO, i s  addcd to the mixttrre to minimize oxida- 
l o t i  and dccarhoxylation of organic niattcr by addcd H,SO, or by MnOl  
arcsent in soil (Allison, 1960). After pretreatment, the digestion flask con- 
niliing soil is transferred to the combustion train, and a total C dctermina- 
ion is carried out as described in section 29-2.3. 

Inorganic C removal i s  gcncrally more difficult before determination 
> f  organic C by dry combustion tccliniqucs. Trcatnicnt of soil at room 
cinpcrature with H,SOl followcd by hcating to rcmovc cxccss H,SOl is 
iormally uscd to' dccoinposc inorganic C compotrntls (Piper,  1942; 
Ircmncr, 1949); howcvcr, scvcral difficiiltics arc apparcnt with the procc- 
Itttc. I-ittlc tlcstriictioii of orp i i i c  nint tcr occurs tltlring room tcnipcratllrc 

29-3 ORGANIC CARRON 

treatment of samples with HISO,, but some decarboxylation is possible as 
the samplc is heatcd (nrcmncr, 1949). I t  is difficult to dccidc whcn all innr. 

~ . .. . . . . . . . . 
ganic C has bccn rcmovcd and whcn I-[,SO1 trcatmcnt should bc discnn- 
tinued. I t  is doubtful that dolomite is completely 'dccomposcd by tlic rcln- 
tivcly mild Id,SO, lrcatincnt cniployecl (Allison, 1965). Nonimik (1971) sug- 
gcstcd that inorganic C may be effectively rcmoved from soil samples by 
trcatmcnt with a mctaphosphoric acid solution for 30 min at ronm tcnipcra- 
tiirc and 30 min at 130°C. Howcver, Nommik's proccdirrc has not'bccn 
evaluated with a variety of soils. 

29-3.3.1 TEST FOR PRESENCE OF INORGANIC CARnON 

Place fincly ground soil on a spot plate, and moisten with a few drops 
of water. Add 4N HCI dropwise to the wetted samplc, and observe any cf- 
fervescence. Allow sufficient time for dolomite to rcact ( - 5  min). I f  inor- 
ganic C is absent from the soil, proceed with organic C (total C) analysis as 
per section 29-2. I f  inorganic C is present or the test is not definitivc, pro- 
cccd as described below. 

23-3.3.2 PRETREAThlENT PRIOR TO \\'ET COMBUSTION , 

29-3.3.2.1 
tion 29-2.3.3. I. 

Spccial Apparatus. Sce the spccial apparatus listcd in scc- 

29-3.3.2.2 Rcngcnts. 

I .  Digcstion rcagcnt for carbonntcs (I.I,SO,-FcSO,): Ilissolvc 57 nil of  cone 
siilfiiric acid (H,SO,) and 92 g of  fcrroils sulratc Iicptaliydratc (FcSO,. 
7H,O) i n  600 ml of deionized wafer, cool, and dilutc to I liter. 

2. Potassium dichromaic (K,Cr,O,), rcagcnt grntlc, piilvcrizctl. 
3. Othcr rcngcnts as dcscribed in scction 29-2.3.3.2. 

Frnccdilrc. Prcparc soil samples as dcscribcd in scctinn 
29-2.3.3.3. Transfer a sample of k n o w n  water content and containing 20 to 
40 mg of C (but not more than 2 g of soil) to a 100-mI Kjcldalil digcstinn 
flask. Using 3 ml of the H,SO,-FcSO, digestion acid, wash down any soil 
that adheres to the neck of the flask. Place the flask in a rack or beakcr, and 
allow the sample to digest at room temperature with occasional turning of 
the flask for at least 20 min or until effervescence appcars to ccasc. Tlwn 
hold the flask upright over a flame I cm high, and boil tlic contents slo\vly 
for I .5  min to destroy any remaining carbonate. Rotate the flask contiiiu - 
ously during boiling to avoid excessive frothing. Allow the samplc to cool. 

Insert a long-stemmed funnel into the .flask, and add 2 g of pulverizcd 
K,Cr,O,. Immediately connect the flask to the reflux condcnscr (Fig. 29-2), 
and proceed with the dctcrmination of organic C as directed in scction 29- 
2.3.3.3 beginning with the third scntcnce. 

Report the C prcsent in the prctrcntcd samplc as pcrccnt organic C. 

29-3.3.2.4 Commcnls. Thc 3 nil of 2N H , S 0 , - 5 ° ~ o  FcSO, uscd in  this 
proccdiirc rcplnccs thc 3 nil of tlistillcd water iisctl i i i  tlic total C procctlrirc 

29-3.3.2.3 
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mcthods are applicd to soils containing significant 
ioiints of carbonized matcrials. pry combiistion mcthods arc most appro- 
iilc for soils containing Iargc ainouiits of clcmcnta! C. 
. . .  . - 

3 . 5 . 2  W’AI.KI.I<Y-nl.AC‘K PItOCl~.l)lJ1t1< (Wnlk lcy .  1946; Pcccll c i  31.. 1947; 
Grcwclii iK A Pcccli,  I9hO) 

29-3.52.1 Ilcngents. 

Potassiuni dichroniate (K,Cr,O,). IN: Dissolve 49.04 g of reagent-grade 
K,Cr,O, (dricd at 105°C) in watcr, arid dilutc the solution to a voliinic of 
I ,OOO ml. 
Sulfriric acid (H,SO,), conccntratcd (not lcss than 96%): I f  CI- is present 
in soil, add Ag,SO, to thc acid at thc rate of I5 gAitcr. 
Phosphoric acid (I-!,PO,), conccntratcd. 
o-Phcnanthrolinc-ferrous complex, 0.025M: Dissolve 14.85 g of o-phen- 
antliroline monohydrate and 6.95 g of fcrrous siilfatc Iicptahydrate 
(FeSO,*7H,O) in  water. Dilute the solution to a volume of 1,000 nil. Tlic 
n-phenant hroline-ferrous complex is available under the name of Fer- 
roin from the G .  Frederick Smith Chemical Co. (Columbus, Ohio). 
Uarium diphenylamine sulfonate: Prepare a 0.16% aqueous solution. 
This reagent is an  optional substitute for no. 4.  
Fcrrous sulfate heptahydrate (FcSO,*7H,O) solution, 0 .5N:  Dissolve 
140 g of reagcnt-grade FcSO,*7H,0  in watcr, add I5 ml of conc sulfuric 
acid (HISO,), cool the solution, and dilute it to a volume of 1,000 nil. 
Standardize this reagent daily by titrating i t  against I O  ml of IN potas- 
sium dichrornatc (K,Cr,O,), as dcscribcd bclow. 

Procedure. Grind the soil to pass through a 0.5-mm sieve, 
.oitling Fc or stccl mortars. Transfcr a wcighctl samplc. containing 10 to 

nig of organic C, brit not i n  cxccss of IO g of soil, into a 5W-ml widc- 
orith Erlcnmcyer flask. Add I O  ml of IN K,CrlO,, and swirl the flask 
mtly to dispcrsc thc soil i n  thc solution. Then rapidly add 20 ml of conc 
?SO,, directing the strcatn into the suspension. Immediately swirl thc flask 
:n t ly  until soil and reagents are mixed, tlicn more vigorously for a total of 
min. Allow the flask to stand on a sheet of asbestos for about 30 min. 
licn add 200 ml of watcr to the flask, aiid filter the suspcnsion i f  cxpcri- 
icc show that thc endpoint of thc titration cannot othcrwise be clcarly tlis- 
Irncd. Add 3 to 4 drops of o-phenantllrolinc indicator, and titrate thc solu- 
m with 0.5N FcSO,. As the cndpoint is approachcd, the solution lakes on 
greenish cast and thcn changes to a dark green. At this point, add thc 
irroiis sulfate hcptahydratc d rop  by drop  until the color changes sharp:y 
0111 bluerto rcd (maroon color in rcflected light .against a white back- 
mind).  hlakc a blank dctcrmination in thc same manner, but without soil, 
1 standardize the Cr,O,’-. Repeat the determination with less soil i f  > 75% 
f the dichromate is reduccd. 

Calculate the results according to the following formula, using a cor- 
:ction factor/ = I .30 o r  a more suitable value found cxpcrimentally: 

29-3.5.2.2 

29-3 .e e s 7 1  
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(mcq K,Cr,O, - mcq Fc S0,)(0.003)( 100) 
g watcr-frcc soil X J  112) Organic C ,  o h  = 

29-3.5.2.3 Comments. Fcrroits nnimoniiitii siiIf;itc is also a siiitahlc 
titrant f o r  cxccss Cr,O,’- i n  conjiinction w i i l i  tlic Walklcy-lllack iiictliocl. 
Tlic Smith and Wcltlon (I94 I )  modification involving complcic rcdirciion of 
Cr,O,*- with r e ” ,  and subscqucnt back-titration of cxccss Fcl* with hln0,- 
solution may also bc usctl to estimate iinrcactcd Cr,O,l- .  Othcr oxidation- 
rcduction indicators that have providcd satisfactory rcsults includc bariiitii 
diplicnylamine siilfonatc and N-phcnylantlirnnilic acid. Tlic aniounts of 
Cr?O,’- rcdriccd to Cr”’ by reaction with soil organic niatter may also hc 
cstimatcd colorimctrically. , 

29-3.5.3 hlODlFlED hlEnlUS PROCICDURF. 

I .  

2 .  

3.  

I .  

2. 
3 .  

4 .  

29-3.5.3.1 Special Apparaliis. 

Erlcnmcyer flasks (I25 nil) fittcd \villi feninle standard-tapcr 24’/40 
ground-glass joints (Corning 5000 or Kimble 26510). 
West condensers (30 cm) fitted \villi male standard-taper 24/40 ground- 
glass joints at tlic lower cnd (Corning 2800 or Kimblc 18190). 
Electric hot plate extraction unit (six platcs per i i n i t )  fitted \vi l l i  in- 
dividual rheostat controls (Labconco 60300, Precision 65500, Lab-l..inc 
hl ti I t  i  - U n i t Ex t r a c t ion 14 ea t c r , or cq ii i  va 1 cii I ) .  

29-3.5.3.2 ’ Heagcnls. 

Potassium dichromatc solution (K,Cr,O,), 0.W: Dissolvc 24.5 I 2 5  g of  
K,Cr,O, (ovcn-dry) in  200 ml ofdcionizcd watcr, a n d  dilutc to I liter. 
Siilfiiric acid (ll,SO,), conccntratctl, riot lcss thaii 96%. 
Fcrrous aniniotiium siilfatc hcxnhytlrntc solittion [l’c(NI l . ) ,(SO,),* 
6H,O], O.2N: Dissolvc 78.390 g of r~c(Nl~ , ) , (S0 , ) ,*6 l . l ,O i n  50 nil of  
conc H,SO,, and tlilritc to I litcr w i i h  tlcioniz.ctl waicr (must hc siniitlartl- 
izcd daily bccaiisc of slow oxidation). 
Indicator solution: Dissolve 0. I00 g of rl’-plicnylatittiraiiilic acid atld 
0.107 g of sodiuni carbonate (Na,CO,) i n  100 i i i l  of wntcr. 

29-3.5.3.3 Procctlilre. Wcigli a n  atnolint of < 100-nicsli soil ( 5 0 . 5  E) containing not grcalcr than R ing of organic C into a 125-nil Erlciiiiicycr I, 

flask. Add exactly I O  nil ofO.5N K,Cr,O, solution ant1 15 in1 of c o w  H,SO, 
(Il,SO, niay bc adtlcd by btirettc). Attach the flask to thc \Vest condcnscr, 
and place on a prclicatcd elccrric hot plate. liicludc a blaiik i n  cncli group of 
five soil samples to bc hcatcd and at least two rinboilcd blanks (iinboilcd 
blanks are irnhcatcd mixtiircs of IO nil of 0.5N K,CrlO, and 15 ml of colic 
Il,SO,) for each day that analyscs arc pcrformcd. Thc normality of  thc 
Fc(Nf-~,),(SO,),~61-1,0 solution is dctcriiiincd by titrating the unboilcd 
blank. Gently boil each saiiiplc for 30 min, and then inscrt a n  ashcstos pad 
between the hot plate and bottom of the Erlciiiiicycr flask. Allow tlic flask 
to cool for about I5 niin,  and rinse tlic insitlc of thc contlcnscr with tlc- 
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extract and sulfate that is associated with 
psrim in the saturation extract less the sulfate in the saturation extract 
Ivcsents the amount of gypsrim in the soil. 

The content of gypsum in soil is a criterion for gypsic and petrogypsic 
;rizons and for the mineralogical class at  the family category (Soil Survcy 
nff, 1975). Subsidence of soils through solution and removal of gypsum 
11 crack building foundations, break irrigation canals, and make roads 
.cvcn. Failure can be a problem in soils with as little as I .S% gypsum. If 
riicnt releases AI in the prcscncc of gypsum and other soluble sulfate salts, 
;lily hydrated cttringite [ C a , ~ A l 1 ( S 0 . ) , ( 0 I - i ) , , ~ 2 ~ l ~ , 0 ]  niay form, crcat- 

cxtremely high pressures that deteriorate and crack slab structures. irri- 
tion canals. and building foirndations. 

11-2 CARRONATE 

11-2.1 Inlrodiiclian 

Inorganic carbonate either accumulates in soils by pedogenic forma- 
11 o r  is inherited from calcareous parent material. Some soils in arid and 
iiiarid areas may contain as much as 40% o r  more of calcite equivalent. A 
a l l  amount of inorganic carbonate may be added to acid soils in the form 
lirnestone, marl, and calcareous shells. Pedogenic carbonate and calcare- 

amendments are generally segregated in the matrix of the soil (Gile, 
; I 1. Hence, th~soi lsampl_e_sh.o~i ld.be_l ine!y_g~o~n~bef~r~~n~l~is .  

Many methods for determining-total inorganic carbonates, calcite, and 
nmite have been proposed. Excellent reviews of the methods for calcite 
I dolomite and their limitations are presented in papers h y  Petcrscn et al. 
06)  and Pctcrscn and Chcstcrs (1966). 

Mcthods involving quantitative determinations of total inorganic car- 
1 ;I t F iicludeji)nZGird'l :ai io<% i iiii cGGhonaiii - W jih --____.. Z 4 G;l6ack Zi i  - 
I  of the excess acid;) determination of Ca  and _--- Mg . in . . an .... acid leachate; 
dissolution of carbonate in . acid .... and-dcter.mi,nation.of, !he ,~vOlvcd.CO, 

measuring the volume or  pressure of the CO, o r  by titrimetry, sample 
ght loss, infrared ~ spectrometry, . --- . - gas . . . .  chromatography, and thermo- 
v i  m_q!yy. 

Quantities of calcite and dolomite have been determined by differential 
rrnal analysis, x-ray diffraction techniques, chemical analysis, and analy- 
)f differences in  thc rate of dissolution of calcite and dolomite in acid. 
The difference in the rate of dissolution of calcite and dolomite in HCI 

been used for many years to differentiate the two minerals qualitatively. 
d o p m e n t  of quantitative methods was difficult because calcite and 
:)mite decompose simultaneously though at vastly different rates, de- 
ding on the particle size and crystalline nature of the soil carbonates and 
:stones. 
A quantitative manometric method (Skinner Rr Hatstead, 1958; Skinner 

I . ,  1959; Turner & Skinner, 1960) mcasiircs tlic CO,  cvolvctl from the 
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,eaction of calcite and dolomite in excess HCI at frequent intervals u.,d at 
constant temperature until the reaction is completed. The logarithm of the 
aniount of CO, equivalent to unrcacted carbonate is plottcd against time. , 

After the rapid and complete dissolution of calcite in 60 SCC, the curve for 
dolomite assumes a much smallcr slope and is linear for a pcriod of time. 
Extrapolation of this linear portion of the curve to zero time gives the 
anioiint of CO, equivalent to the dolomite initially prcscnt. Tlic CO,  from 
cnlcitc is obtaincd by diffcrcncc from the total CO,. 

A qiiantitative volumetric method (Drcimanis, 1962) measures the vol- 
urne of CO, from the reaction of the carbonale minerals and cxccss HCI 
rising tlie Chittick apparatus (AOAC, 1980). Calibration of the Chitlick 
apparatus under a particular set of conditions permits corrcction for thc e l -  
fcct of temperature, concentration of the acid, and partial prcssrirc of CO, 
on its solubility in the acid. Calcite and dolomite are differcntiatcd by rend- 
ing the volume of CO, at  two different times. The content of calcitc and 
dolomite in soils and limestoncs is calculated from empirical graphs rclaling 
tlie volumcs of CO, that are evolved from known aniorints of cnlcitc or  
dolomite. 

11-2.2 Modified Van Slyke Manometric Mctliotl 

t 1-2.2.1 PRINCIPLES 

The volume of CO, that evolves from the reaction of inorganic carbon- 
ates with excess HCI changes proportionately as the tempcrnttire and prcs- 
sure deviate from standard conditions. Thcorctical considerations 6f this 
reaction are discussed by Martin and Reeve (1955). The modified Van Slyke 
method is namcd after one of its dcvclopcrs, who constructctl A i l g  inatin- 
metric apparatus that dctcrmincd total as wcll ns inorganic C (Van SIyLc & 
Folch, 1940). The method was modified by 1. C. Frost (Ratlcr & Grimnltli, 
1961) to measure primarily inorganic carbonatc-CO, with a siiiiplificd ap- 
paratus using an aqueous manometer. 

Carbon dioxide is generated by the action of 1OVo HCI (wt /wt )  on tlic 
sample. The volume of the liberated CO,  plus the air prcscnt in thc rcaction 
flask is measured at a definite tcmperaturc and atmosplicric pressurc. Tlic 
combined gases are then scriibbcd free of CO, by passage through an alkali 
solution. The  volume of the residual gases is again measured at tlic samc 
temperature and pressure. The volume of CO, is the diffcrcncc in tlic ob- 
scrvcd volumes. The  weight of CO, is tlicn cnlciilatctl frorii its voliimc nt 
standard temperature and presslire and is used to calculate tlic contcnt of in- 
organic C, carbonate, o r  calcite equivalent. 

11-2.2.2 hlETI1OD (Adapted from Rader Rr Grimaldi, 1961) 

11-2.2.2.1 Apparatus. 

Refer to Fig. 1 1 - 1  for the following nriiiicrical rcfcrcnccs i n  thc np- 
par at u s  asscm bl y . 
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100-mI Van Watcrs no. 32221-000 or equivalent. 
Gas burette condcnscr (no. 2), made from large glass tubing 5.9 cm 
o.d., 5.4 cm i.d. by 70 cm long, cappcd with no. I I Vi riibbcr stoppcrs. 
,\cid dclivcry systcni and condenscr, 2-litcr acid reservoir (no. 3), 100- 
n i l  scparatory fiinncl will1 stopcock I (no. 4). 
Condcnscr (200 nim), with expansion bulk (no. 5): Attach condcnscr to 
tlic scpnrntory fiinncl as a ciistom-niatlc-iinit. 
Glass saniplc vial (no. 6), round-holtoni ccntrifugc tiibc 25 by 89 mni 
with a 30-ml capacity. 
'I'hrcc-way stopcock I I ,  T-base, capillary, with Teflon plug, Van 
IVatcrs no. 59263 or cquivalcnt. 
Thcrmomctcr (no. 7) total immcrsion, 0 to I00"C range, 1°C divisions. 
Auto bubbler gas adsorption pipctte (no. 8), Van Waters no. 31930-007 
nr equivalent. 
Levcling bulb reservoirs (no. 9 and IO),  250-ml capacity, Van Watcrs 
no. 36685-046 or  equivalctit. 
Ilunscn burner (no. I I ) .  
Tygon tubing, 6.4 mm (114 inch) i.d., I .6-mm (1/16-inch) wall. 

11-2.2.2.2 Reagents. 

I lydrochloric acid (HCI), 10% (wt/wt). 
Sulfuric acid (HISO,) solution, 20% (wt/wt), 5 mg of mcthyl red indi- 
cator to facilitatc reading of gas burcttc. 
Sodium hydroxidc (NaOH) sollition, 30% (wtlwt). 
Calcium carbonate (CaCO,), primary standard gradc. 

11-2.2.2.3 Procedure. 

Assemble the apparatus as shown in Fig. 1 1 - 1 .  Turn stopcock I I  to 
position a.  Fill the gas burette by adding 200 ml of the sulfuric acid 
solution to leveling bulb reservoir no. 9 and raising the bulb until the 
burette and connecting tubing arc filled with HISO, solution up  to stop- 
cock 11. Leveling bulb no. 9 is now in position a. Fill the au to  bubbler 
no. 8 up  to the check valve by adding 200 ml of NaOH solution to level- 
ing bulb reservoir no. IO and raising it unti l  the burette and connecting 
tubing are filled with NaOH solution up to stopcock I I .  Maintain a 
slow now of cold tap  water through the gas burette condenser no. 2 
until  a constant temperature is attained on the immersion thermometer 
no. 7. 

. Placc 0.5 to 1 g of samplc into samplc vial no. 6, add two boiling chips, 
and securc sample vial to the rubbcr stoppcr by applying a slight lip- 
ward twisting pressure. 

. Turn stopcock I I  to position b. Apply a partial vacuum to the syslcm 
by lowering lcvcling bulk no. 9 to thc bottoni of the burcttc (position 
b). Opcn stopcock I to allow 15 ml of 10% IiCI to flow into thc samplc 
vial. If Iargc amounts of carhonatc arc prcscnt, Ihis step niust hc donc 
slowly. ncforc a11 thc HCI has draincd from thc scparatory fiinncl no. 
4,  close stopcock I so that ttic syslcm rcmains closcd to thc atmosplicrc. 
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1. Ges nurette 
2 Gas nurette Condenser 
3. Acid Reservoir 
4 .  Sepnrnlory Funncl 
5. Wntcr Cnntlenwr 
6. Clnw Semple Vinl 
7. Thcrrnnmcter 
A. Aiitn n l r l ) b l ~ r  
9. 1,cvcling Ilull> Rcwrvoir 

lb. 1,eveling fliilb Rcscrvnir 
1 I .  niinsen nurncr 

Positions of 
Shpcock I 1  

o n  
O b  o c  
O d  

Fig. 1 1 - 1 .  Appararus for gasomciric dcierminniion of CO,. 

4. Heat the bottom of thc sample vial for approximately 2 min until the rc- 
action is complete. The two boiling chips should smooth out the boiling 
and kccp the sample from boiling past condcnser no. 5. 

5. When tlic boiling stops, f i l l  scparatory funnel no. 4 with  watcr (iicvcr 
allow air to enter the system). Opcn stopcock I and fill ihe samplc vial, 
condcnscr, and dclivcry tube to stopcock I I  with watcr. Makc siirc no 
gas rcniains i n  this area. 

6. Turn stopcock I I  to position c and  niovc rcscrvoir no. 9 ovcr tlic gns 
hiircttc no. I .  Position rcscrvoir no. 9 so that tlic liqriids i n  tlic t~vo coil- ' 

laiiicrs arc at t he saiiic Icvcl. This procctliirc will cqiializc tlic prcssurc 
and rcsult in atmosplicric prcssiirc oii tlic gas i i i  gas hurcttc no. 1 .  Rcnd 
and rccord tlic volume of gas ii i  gas biircrtc no. I .  
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' .  Elcvate r e x  e no. 9,  and turn stopcock I I  to position d. This procc- 
drire allo\vs tlic gas in t l ie gas burctte to bubblc into thc conccntratcd 
NnOl-l solution in rcscrvoir no. IO. Wlicn tlic acidic solutioii froin tlic 
gas btirctte no. I rcaclics thc cntry of thc auto bribblcr no. 8, lowcr rc- 
scrvoir no. 9 until thc basic solution rcaclics stopcock 11. Rcpcat this 
procedure thrcc times to eiisurc that all thc CO, has hccn absorbed by 
tlic basic solution. 

:. Flush all tlic gas into thc gas hurcttc no. I by raising tlic NnOtl solution 
zlow1.y to stopcock II. Tiirii stopcock II to position c a n d  iiinkc tlic 
sccontl gas rcatliiig, cqiinlizirip, tlic prcssiirc as hcforc. 

' .  I n  preparation for the ncnt tlctcriiiination, rctrirn levcling hiilb no. 9 to 
position a. Rcniovc sniiiplc vial iio. 6 .  Turn stopcock II to position h 
\vhilc holding a wnstc watcr contaiiicr untlcr tlic contlcnscr no. 5. 

' .  R u n  duplicate detcrniiiiatioris for cach sample. I f  < 5 ml of CO, is pro- 
dnccd for a givcn sample, riin a larger samplc up to a niaxiniuin of 2 g. 
I f  more CO, is produced than can bc determined with the gas burette, 
reduce the sample sizc accordingly. 

. The entire procedure should be initially checked out by running CaCO, 
standards until the obscrved volume of CO, agrees with the theoretical 
volume. 

11-2.2.2.4 Calculations. 

Dctermine the volume of CO, in the sample by slibtracting the second 
voliime (step no. 8) of gas from the first volume (step no. 6). 
To convert the volume of CO, at thc obscrved tcmpcratrire in thc gas 
burctte condcnser no. 2 and barometric pressure to the percent of inor- 
ganic carbonate C in the sainple, calculate the following: 

'?'n inorganic carhonatc C 

) narometric prcssure, mm I-lg 
)( 760 mm 1-fg = (g&$i)(Obscrvcd tcmp., O K  

ml CO 273°K 

I 2  g/mol 
(22.414 l i t c r s / m o I ) ( m  

'To calculate % inorganic carbonate, iiiscrt 60 g/niot for the 12 g/mol in 
I Iic prcvioiis calculation. Likcwisc, wlicn calculating % calcite, tlolo- 
inite, or magnesjte, substitute tlie molecular weight of thc comporrnd for 
rhc molecular wcight of C as in thc following cxamplc: 

'70 calcite equivalcnt 

) Darometric prcssure, mm I-lg 
760 mm I-lg 

ml CO 273°K 
= ( a e ) ( O b s c r v c d  tcmp., O K  

100 g calcite mol )( I liter ) 
(22.414 litcrs/mol I ,OOO in1 

11-2 CARIIONATE 0 1 8 7  

Comments. The precision of the method is limitcu by the 11-2.2.2.5 
iiihercnt crror in  Ihc rcatling of tlic b a s  burcrtc. This mcthotl may bc applicd 
Io al l  typcs of soils and scdimcnts. The detection limit is 0.01% carbonate 
using a 2-g sample with a 100-ml graduated gas burctte. This limit can be 
varied by changing the size of the graduated gas burctte and sample con- 
tninci. 

Sulfides and sulfites form gascoiis 14,s and SO,, respectivcly, in the 
prcscncc of acid and hcat. Thcsc gascs are cvolvcd along with the CO, and 
prntlucc a positivc crror. Ccrtaiii nroiiintic organic acids arc also dccnr- 
boxylatcd whcii hcatcd in acid, thus producing additional CO, to givc a 
positivc error; Iiowcvcr. thc errors due to tlic prcscncc of siilfitlcs, sulfites, 
arid tlccarbosylation of organic conipounds arc iisiinlly ncgligiblc in soils 
and scdimcnt rnatcrials. Siderite (iron carbonate, FeCO,) is thc only car- 
bonatc mineral that is not complctely decomposcd by this proccdure. Sidcr- 
itc is iisually not present in soils and sedinicnts ( R .  L. hlalcolni. 1978. Per- 
sonal communication). 

I 

11-2.3 Gravimetric Method 

11-2.3.1 PRINCIPLES 

Inorganic carbonates are decomposed by treating the soil samplc with 
2N HiSO, containing FeSO, as a n  antioxidant to prevcnt rclcase of CO, 
from organic matter. The air stream containing evolved CO, is piirificd by 
passing i t  through a series of traps to remove water and extrnncous constitu- 
en.! s , -a f! e r- h ic h_t h c evo I vcd C 0 iKatbsitd: I n ~ N e s b  i  t t a b  sor pt ion b I i Ib . 
The -. COI - . is determined by weighing the bulb before and after absorption as 
tlcscribcci for total C in  section 29-2.3.3.3. 

... 

.. --.. . .. 
- _- - . - . . . . . . 

11-2.3.2 hlETIIOI) (Allison, 1960; Allison R: hloodie, 1965) 

11-2.3.2.1 Spccinl Appnrntus. Thc apparatiis is the samc as for rntnl 
C b y  wct combustion shown in Fig. 29-2 and dcscrihcd in  section 
29-2.3.3. I. 

11-2.3.2.2 Rcngcnts. 

I .  Digcstion acid for carbonates: Dissolvc 57 nil of colic sulfuric acid 
(l-l,SO,) and 92 g of ferrous sulfate hcptahydratc (FcSO,*lH,O) in AOO 
nil of distilled water. Cool the solution, diliitc i t  to I ,OOO ml, and kccp i t  
wcll stoppcrcd. This solution is approxiniatcly 2 N  in  acidity and contains 
5 %  FeSO,.to scrve as an  antioxidant. 

2. Absorbent for carbon dioxide (CO,): Mikhobitc, Cnroxitc, Ascnritc. 
lndicarb, or other suitable absorbent. 

11-2.3.2.3 Procedure. Transfer a soil sample containing not morc 
than 250 nig of calcite equivalent into a 100-ml Kjcldnhl flask, and conncct 
the flask to the reflux condenser (Fig. 29-2). Wcigh thc Nesbitt bulb, attach 
i t  to tlic systcm, and opcn the vnlvc at thc top of tlic brilh. Pour 25 iiil of tlic 
tligcstion acid iiito thc funnel at tlic top of ttic conclciiscr, and covcr thc fun-  
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s o l . i i n 1 . ~  SALTS 

niinimizcs ncetl for sample collection and chemical analy- 

I t In 

sis. especially ..ticti monitoring salinity clianges with time and cliaractcriz- 
i n €  large ficld or projcct sitiiations. For the lattcr, use of EM and four- 
probc tccliniqiics are rcconinicndctl with supplemental itsc of tlic otlicr 
riicthotls as nccdcd. Only nicthotls for obtaining aqiicoits cxtracts of soil 
snriiplcs arc tlcalt with in this scction. 

Tlic followitig scctioiis tlcscrihc IIICI liotls for dctcriiiiiiitig soliil~lc salts 
iii wntcr nntl soils iisiiig varioits iiicthntls ni i t l  procctlurcs for ohtnininy. 
nqiicoiis cxtracts of  soil snniplcs. 

10-2 S A l ~ ~ J f t A l ~ l O N  ISTRACT ANI)  OIlIEIt  
AQUl<OUS E X T R A C I S  

10-2.1 Principles 

For somc nccds, knowing the composition of solutcs in soil watcr at 
field watcr contcnts is dcsirablc. tlowcvcr, present mcthods of obtaining 
soil watcr samples at usual field water contcnts are not practical for routine 
piirposcs. Thus, soil solution extracts oftcn must bc made at higher than 
nornial water contents. Bccause the absolute and rclative amounts of vari- 
ous solutes are influenced by the soil/water ratio at which the extract is 
made (Reitemeier, 1946), the ratio must be standardized to obtain rcsults 
that can be applied and intcrpretcd universally. Soil salinity is convention- 
ally defined and measurcd on aqucous extracts of saturated soil pastes (U.S. 
Salinity Laboratory Staff, 1954). This soil/water ratio is used bccaiise i t  is 
thc lowest rcproduciblc ratio for which enough extract for analysis can be 
readily removed from the soil with pressure or  vacuum and bccaiisc i t  is 
oftcn rclatcd in  a predictable manner to field soil water contcnts. For thcsc 
reasons, crop tolerance to salinity is oftcn rclatcd to the clcctrical conduc- 
tivity, or total electrolyte concentration, of thc saturation extract (U.S. 
Salinity Laboratory, 1954). - 

Other extraction ratios, 1 : 1 ,  1:5, ctc., are casicr to use than that of 
saturation, but thcy are not so well related to field soil watcr contcnts. 
Errors from peptization, hydrolysis, cation exchange, and mineral dissolu- 
tion also become greater for such extracts. As a compromise, Sonnevelt atid 
van dcn Endc (1971) recommended a 1:2 volumc extract. When rclative 
changes rather than absolute solute concentrations are monitored, these 
wider extraction ratios may be used to advantage. 

Once soil extract samples are obtained, laboratory chcmical analyses 
arc carried out to detcrmine the electrical conductivity of the extract (n,) 
and the conccntraiions of major solutes (scction 10-3). 

10-2.2 Reagent 

I .  Sodium hcxanictapliospliatc ((Na7P0,)r) solittions, 0.1 %I: Diswlvc 0. I 
of (NaPO,), i i i  watcr, nntl tlil\tte tlic solritiori to 100 nil. 

10-2 SATURATION EXTRACT ANI) AQUEOUS EXTRACTS 

10-2.3 Procedure 

in-2.3.1 SATURATION EXTRACT 

Weigh 200 to 400 g of air-dry soil of known watcr contcnt into a plastic 
containcr having a snaptight lid. Wcigh the container pliis contcnts. Add 
tlistillcd watcr to tlic soil with stirring until i t  is ncarly saturated. Allow thc 
niixtiirc to stand covcrcd for sc-wal lioiirs to permit thc soil to irnbibc tlic 
watcr, and  tlicii add morc watcr to acliicvc a uniformly saturated soil-watcr 
pistc. At this point, which is gcncrally rcproduciblc to within f 5 % ,  thc 
soil pastc glistcns as i t  reflects l ight,  flows slightly whcn the container is 
tippcd, slidcs freely and cleanly off a spatula, and consolidates easily by 
tapping or jarring the container after a trcnch is formed in thc pastc with the 
side of the spatula. Aftcr .mixing, allow the sanlplc to stand (prcfcrably 
overnight, but at least 4 hours), and then rcchcck the critcria for saturation. 
Frcc water should not collect on thc soil surfacc, nor shoiild the paste stiffcn 
niarkcdly or  lose its glisten. I f  the paste is too wct, add additional dry soil'to 
the pasie mixture. Upon attainmcnt of saturation, rcwcigh the containcr 
plus contents. Record the increase in weight, which is thc amount of watcr 
added. Calculate the saturation water percentage from thc wcight of oven- 
dry soil and the sum of the weights of water added and that initially present 
in the air-dry sample. After allowing the saturated soil pasie to stand 4 or 
more hours, transfer it to a Buchner o r  Richards (1949) filter funncl fitted 
with highly retentive filter paper. Apply vacuum, and collect the filtrate in a 
test tube or  bottle. I f  the initial filtrate is turbid, refilter or 'discard i t .  
Tcrminate the filtration whcn air begins to pass through the filtcr. Add I 
drop  of 0. I To (NaPO,), solution for each 25 ml of extract. 

10-2.3.2 EXTRACTS AT SOII,/WATER RATIOS OF 1 : I  AND 1:s 

Weigh a sample of air-dry soil of appropriatc size, and transfer i t  to a 
flask or  bottle. Add the required amount of distillcd watcr, stoppcr the con- 
tainer, and shake i t  in a mcchanical shaker for I hour. I f  a mcchanical 
shaker is not available, shake the container vigorously by hand for I min at 
least 4 times at 30-min intervals. Filter the suspension using highly rctcntivc 
filter paper. (Discard or  refilter tlic initial filtratc i f  i t  is turbid.) Add 0 . l V o  
(NaPO& solution at the rate of 1 drop/25 nil of cxtracl. 

10-2.4 Comments 

Thc wcight of soil rcquircd will dcpcnd on thc numbcr and k i n d  of  dc- 
tcrriiinations to bc madc on tlic extract, tlic analytical nictliocls cniployctl, 
and tlic salt content of the soil. In gcncral, from one foiirtli to one third of 
tlic water in saturated soil pastcs can bc removed hy vaciiiim filtration. 

Soil samples should no t  be own-dried bcforc cstracting for dctcrniinn- 
tion of soluhlc salts, bccausc hcnting to 105°C coiivcrts at Icast a part of tlic 
gypsiini (CaSO,*211,0) to plastcr of paris (CnSO,. I/ZI.I,O). Tlic Inttcr 
hydrate has a liiglicr solubility i n  water than docs tlic forrncr. 

. 



S O l . t ~ l l l , l  SA 1,'I.S I '" of cxtract water coritcnts wlicn a low ratio of soil to 
vatcr is risrd. i t  is dcsiratrlc to correct for thc \viitcr contcnt of tlic air-dry 
.oil. For csaniplc, an air-dry sariiple containing 2Vo water on an ovcn-dry 
us i s  can bc adjusted to a soil/waler ratio of I :  I by adding 98 nil of  watcr to 
102 g of air-dry soil. At soil/watcr ratios of I : 5  or  grcatcr, no correction is 
jrtliiiarily made for watcr in the air-dry sariiple. 

Spccial prccautions slioiild hc takcn in prcparing a saturatcd soil pastc 
~ i t h  pcat and muck soils or vcry finc or vcry coarsc-tcxliirctl soils. I f  possi- 
) I C ,  pcat and iiiiick soils slioiild not hc allowed to dry following collcction 

'>ccausc thcir saturation watcr contcnt changcs. Peat and niuck, cspccially i f  
xx r sc  or woody, rcquirc an ovcrniglit imbibition pcriod l o  obtain a dcfinitc 
:lidpoint for the saturation point. Aftcr the first wclting, pastcs of thcsc 
;oils usually sliffcn upon standing. Adding water and rcmixiiig thcn give a 
iiixture that usually retains tlie characteristics of a saturatcd paste. With 
'ine-textured soils, enough water should be addcd inimcdiately, with a niini- 
iium of mixing, to bring thc sample ncarly to saturation. This minimizes 
Iic formation of clumps of soil during stirring, spccds tlie mixing proccss, 
ind helps attain a more dcfinitc endpoint. Care should also be takcn not to 
nwwet  coarse-tcxtured soils. The presence of frce watcr on the surface of 
lie paste after standing is a vcry important indication of oversaturation in  
tic case of coarse-texturcd soils. Even small amounts of frec watcr can lead 
o apprcciable errors in,satiiration pasre water contcnts for these matcrials. 

Sodium hexanietaphosphate is added to the extract to prevent the pre- 
:ipitation of CaCO, from tlic extract upon standing. The quantity of 
NaPOJ)A solution added increases the Na concentration -0.5 ppm, or  0.02 
ncq/liter, which is inconsequential compared with the possible loss of 
ZaCO,. Alternatively, a subsample of the extract coiild bc immediatcly 
.liluted twofold and used for the C a  and alkalinity dcterminations. 

Alternative mctliods of preparing the saturated soil pastc havc bcen dc- 
icribed by Longcneckcr and Lycrly (1964), who proposed wclting the soil 
;nmple on a capillary saturation table, Rcatty and Loveday (1974) and 
I-oveday ( l972) ,  who rccommcntlcd predetcrmining the amount of watcr at 
saturation on a separatc soil sample using a capillary wetting technique, and 
Allison (l973), who recommcndcd slowly adding soil to walcr (ovcrsatiira- 
tion method). Similar rcsrtlts are obtained with thcsc mctliods. The choicc 
of method is primarily one of personal prefcrencc. 

Thymol can be addcd to the paste to minimize the effect of microbial 
activity on saturation extract composition during equilibration (Carlson ct 
31.. 1971). 

Thc extracts should bc stored at - 4 ° C  unt i l  aiialyzcd. 

Thc major solutcs of intercst found in soil watcrs and aqiieoris extracts 
0 1  salt-affected soils arc Ca", hlg ) ' ,  Na' ,  K', CO,", HCO,-, SOI", Cl-,  
NO,-, and I-t,BO,. Tlicrc arc many satisfactory analytical nicthotls for (IC- 
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icrtnininp, thcsc solutcs. Thcsc nicthods rangc from wholly - 
manual. Thc choicc of which to itsc is iisually dctcrmincd by the nunibcr of 
samplcs bcing proccsscd and tlie availability of analysts, aiitomatcd cquip- 
nicnt, or both. The methods dcscribcd herc are thosc in common iisc in  
laboratories having typical modcrn but not fu l ly  automatcd instrumcnti- 
tion. Methodology more suited to laboratories witholtt such convctiicnccs 
was givcn prcviously by Dowcr and Wilcox (1965). i 

10-3.1 Scqiicnct of Analyscs 

Alkalitiity and pH determinations should be made imnicdiatcly on 
frcsli extracts or on thc solutions treated with hcxamctaphosphatc. Ncst ,  
clcctrical conductivity, u,  should bc dctcrmincd; i t  i s  a useful nicans of csti- 
mating total salt concentration (mcqllitcr z 10 u,  in deci-Sicnicns per 
nicter, dS/m). The cations can be determined in any sequence. Aftcr any 
thrce of the four major cations havc becn dctcrrnincd, the appropriatc 
aliquot for the remaining cation can bc cstiiiiatcd by deducting thc sum of 
tlic thrcc concentrations, in rnillicquivalcnts per liter, from IO (7, i n  dcci- 
Sicnicns pcr meter. Among thc anions, NO,- and CI- dctcrniinations arc 
normally made after alkalinity sincc they are simpler to mcasiirc than SO.'-. 
After that, SOI*- is dctcrmincd; the appropriatc aliquot is cstimatcd froni 
the difference between (Ca" + Mg'' + Na* + K') and (alkalinity + NO,- 
+ CI-). Finally, B is determined. Concentration of this solute is ncgligible 
compared with that of the major cations and anions, but i t  is still cstrcnicly 
important 'because of its pronounced toxicity even in small concentrations 
to many plants. 

10-3.2 pl l  nnd Alkalinity 

10-3.2.1 APPARATUS 

I ,  Automatic potentiometric titrator. 
2. Single probe combination pH clcctrode. 

10-3.2.2 REAGENTS 

I .  Standard buffcr solutions, pH 4.00 and 7.00. 
2. Standard hydrochloric acid (HCI), approsiniatcly 0.0200N. 

10-3.2.3 PROCEDIJRI- 

With electrode inimcrscd in standard pH buffcr, set tlic potcntiornctcr 
to tlic pH (7.00) of tlic first buffcr solution. Rinsc clcctrodc, and rcpcnt 
calibration using the second pl l  buffcr. Rinsc clcctrotlc, imnicrsc in I to 20 
ml of samplc solution (contained i n  a 50-nil plastic beaker alorig w i t l i  a 
microsize, Teflon-coated ningnctic stirring hnr), atid initiatc Ihc ailtotiintic 
titration operation using thc full titration cilrvc display niodc. Tlic initial 
potential recordcd on tlic strip chart givcs thc satiiplc pI.1. Tlic volume< of 
titrant delivered to produce inflcction points for C0,'- a t ~ t l  I-IC0,- arc ob- 
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l ictl froni t l ic  Ii !. n citrvc ( p l l  vs. volunic of stantlnrtl acid tlclivcrctl 
' 1 1  i n : I t o t i 1  a I i c  h i  rct I c) . 
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CO,'- in nicq!litcr = ZPN I ,OOO/aIiq 

1:vc Pis l l i c  nii i i i l icr 0 1  n i i l l i l i i c r s  o f  staiitl;irtl I-IC1 of iiortiinlitv N to rcac l i  
' C'Oal- itillcction poiiil (1111 = 8 . 3 ) .  :ind aliqtiot i s  t l ic  sntiiplc vnlr i i i ic in 
l l i l i tcrs.  . . .  -. . .  .. 

I IC0,-  in iiicq/litcr = ( T  - 2P) N I ,OOO/aliqiiot 

crc 7 i s  t l ic  toIal nutiibcr of tiiillilitcrs of standard HCI of norniality N i o  
di t l i c  I . IC0,- inflcction point (pH =.4.5), P i s  the nitmbcr of milliliters 
-;tandard I-ICI rcqitirctl to rcacli' ihc Ccjli- inflcction point, and aliquot i s  
: samplc volume i t i  niillilitcrs. Thc blank is  determined using Cot1- free 
tillcd tvater. 

10-3.3 Electrical Condiictivity 

For this dcrcrmination, itsc a direct rcadout from a tcmpcraliirc corn. 
:irn t i iig condu c l  i v i  t y met cr : 

3.3.1 APPARATUS 

Coil duct i v i l  y nict cr. 
Co n d II c t i v i  t y fl nw cc I I w i t h a 11 t om a t i c I em pcr a t it re co m pc n s a t i on . 
Vaciiiini l i i i c  and siictioii flask. 

6.3.2 R E A G E N T  

Standard potassium chloride (KCI) solutions, 0.010 and 0. IOON: 
For 0.010N solution (1.412 dS/m at'25"C) dissolve 0.7456 g of KCI in 
clistillcd watcr, and add watcr to makc I lilcr at 25°C. For 0. IOON solii- 
t ion (I 2.900 dS/m at 2SoC), use 7.456 g of KCI. 

3.3.3 PROCEDURE 

Rinse and fill the conductivity cel l  with standard KCI solution. Adjust 
. conductivity meter to read thc standard conductivity. Rinse and fi l l  thc 
I with the soil extract or watcr sample, and read the u,  corrected to 25"C, 
cct ly  from the digital display. 

J.2.4 COhlhlENTS 

nccause of marked diffcrcnccs in the cqrtivalcnt wcights, cqitivnlciit 
i t l i ict ivi t ics, anti proportions of major solrttcs in soil cstracts and wiilcr 
iiI>Ics, l l i c  rclatiotisliips Iiclwccti. (I ai id salt conccntrntioti (11 hctwccti ( I  

.ind osmotic pressure are only approximate. T l i cy  arc s t i l l  quite usc 
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cvcr. Tl icse rclationships arc: 
I).Total cation (or aiiioti conccntrntion), mcq/litcr z 10 x 0 ,  in tlS/in. 
2) Salt conccntration, mglliter 2 640 x n,  in dS/m. 
3 )  Osinotic prcssrtrc, hnrs at 25°C z 0.39 x n,  in dS/ni. 

10-3.4 Solii1)lc Calions 

Dctcrininc Ca", h4g1', Na', antl K'  using an atomic ahsorption spcc- 
tronictcr or by mcthods oritlincd in sections 13-3.3.2 and 13-3.3.4 for K, 
13-4.3.3 and 13-4.3.5 for Na,  and 14-3.1 for Ca and blg. i f  large niimbcrs 
of sntiiples arc to be routincly analyzed, i t  i s  extremely hclpfiil to havc this 
unit cqiiippctl for aittoniatic samplc transport, scqiicncing, siphoning, rend- 
ing, antl recording. 

10-3.4.1 APPARATUS 

I. Atomic absorption spectromctcr. 
2 .  Sampling and scqrtencing system. 
3. Acetylcnc gas (C,l-l,), coninicrcial grade. 

10-3.5.2 REAGENTS 

I, Slippressant solution for Ca" and Mg": Add 29.0 g of Ianthanrim ositlc 
( L a 2 0 , ) ,  250 nil of conc hydrochloric acid (HCI), and cnoiigh distillcd 
watcr to ninkc up  to 500-1111 volttine. Add siifficicnt to nliqriot and 
tliliicnt (distillcd tt'iltcr) to givc 10% (by voliitiic) of this I-nCI, solritioii 
in thc final solution. 

2. Suppressant soltition for Na' and K': Add 6.358 g of litliiitni chloridc 
(LiCI) and make to I liter in rlistillctl watcr (0.15Rr). Add cnniigh to 
aliquot, and dilrietit (distillcd water) to givc 10% (by volumc) of this 
LiCl solution in the final solution. 

3. Standard cation solulions: Ca" (0-0.4 meq/litcr), M g "  (0-0.1 mcq/ 
litcr), Na' (0- I .O mcq/liter), and K' (0-0.1 mcq/liter). 

10-3.4.3 I'ROCI<DI I RE 

Adjust the atomic absorption spcctrornctcr controls atid settings for 
the cation to be run as reconiniendcd by the manufacturer. Sct tlic ntoniic 
ahsorption spectrometer readout to read the iippcr and lower stantlnrd solu- 
t ions. Tlicn i t i  i t i at e trans port / readoit t s yst cni , tv h ic h auto nia t ical I y posi- 
tiotis a scquence of samples, siphons and aspirrrtcs thc samples in t l ic  nir- 
acctylcnc flarnc, and reads and .records (as a digital printout) thc conccti- 
tratioti of tlic cation in the aspiratcd solution. Stniidard solutions arc in- 
scrtcd into t l ic  sampling rack evcry 20 satnplcs to cnsiirc stability of instrit- 
nicnt calihration during thc arttotnntccl run. T\vo-hittitlrctl snniplcs cat1 bc 
proccsscd pcr horir without attcndnticc after t l ic niltonintic saniplc pro- 
cessing svs tc t i i  i s  itiitiatctl. Altcrtin~ivcly, t l i c  sniiic w I i t c t i c c  of opcrnlions 
cnti IK pctfortncd hy Iintltl. 
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1.0 PURPOSE 

This standard operating procedure describes procedures that will be used at  the 
Rocky Flats Plant (RFP) to sample near-surface soils. Near-surface soils is 
defined as those soils between the ground surface and l-meter (3.3 ft.) in 
depth. The procedure is divided into t w o  primary sections: one for obtaining 
surface scrapes according to  several protocols for assessing radionuclide 
contamination (Section 5.0) and another for more generalized sampling of 
near-surface soils, and other surface areas for nonradionuclide analyses 
(Section 6.0). 

2.0 SCOPE 

This procedure describes personnel responsibilities and qualifications, sampling 
equipment and procedures, decontamination, and documentation procedures. 

The procedure is applicable t o  samples collected by Environmental Restoration 
Management (ERM), and its subcontractors, during field work. The 
implementation of the specifics of this procedure is determined by the 
requirements in the site-specific field sampling plan (FSP). 

This procedure implements the requirements of the Inter-Agency Agreement 
(IAG) and the ERM Quality Assurance Project Plan (QAPjP). 

3.0 PREREQUISITE 

Personnel sampling surface soils will be scientists, engineers, or field 
technicians trained to: conduct hazardous waste site work, as required by 29 
CFR 19 10.120. These personnel will also have experience under the direct 
supervision of a qualified individual as specified in 3-21 000-ADM-02.01, Rev.0 
and 02.02, Rev.0; and be trained in the appropriate application of the standard 
operating procedures. The field team and field supervisor shall: 

0 Obtain from EG&G or its designee the appropriate documentation for 
radioactive material screening. 

Review the site-specific FSP and applicable procedures. 

0 Review the site-specific Health and Safety Plan and applicable 
procedures. 

I: 
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The required personal protective equipment for sampling surface soils will be 
detailed in the health and safety plan for the specific work task being 
conducted. 

4.0 M ~ H O D S  FOR SURFACE RADIONUCLIDE SOIL SAMPLING 

The purpose of surface soil sampling at the RFP can be related to  one or more 
specific objectives. These are as follows: 1 1 resuspension availability, which 
determines if radionuclides are present 'in the top-soil that could become 
resuspended in the air and thus pose a migration pathway by inhalation; 2) 
deposit inventories, which determine the amount of accumulated radionuclides 
deposited on the ground; 3) distribution of contaminants, which defines the 
areal distribution of contaminants;'and 4) deposition increment, which defines 
the distribution with depth of radionuclides in the top 6 inches of soil to verify 
the results of the HPGe surveys. 

To meet these objectives there are four radionuclide, surface soil sampling 
methods employed a t  RFP: 1 ) Colorado Department of Health (CHD) method, 
designed to  sample for resuspension availability; 2 )  Rocky Flats (RF) method, 
designed to sample for deposit inventories; 3) Grab Sampling method for under 
asphalt and concrete, or where contamination may have occurred from a given 
point source, designed to  sample for contaminant distribution; and 4) Vertical 
Soil Profile method, designed to  sample for deposition increment. 

Any or a combination of these sampling methods may be used as specified in 
the site-specific FSP. It should be noted that the CDH or RF methods are 
normally used in unpaved areas. However, grab sampling (spade and scoop) 
for radionuclides may be necessary for some RFP locations were the CDH or RF 
methods are not appropriate. Such as where contamination may have occurred 
from a given point source, or where a point source may have contaminated a 
very small or localized area. The sample type, basis for collection and required 
methodology can be determined by consulting the applicable workplan. 

The primary considerations for acquiring surface soil samples for radionuclide 
analysis include the following: 

0 Sample handling should be minimized. 

0 The sample will be placed in an airtight 1-liter, wide-mouth glass, 
container immediately after collection. 

0 The sample will be properly labeled. 
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Field personnel are referred t o  procedure FO. 1 3, Containerization, Preserving, 
Handling, and Shipping of Soil and Water Samples for further details. 
Above-surface plant parts and coarse material (pebbles, rocks, and stones) will 
be removed by the sampling team. The soil samples will be classified according 
to  procedure GT. 1, Logging Alluvial and Bedrock Material. For surficial profiling 
samples, the sampler will collect representative samples, including organic 
material and coarse material. All sampling equipment will be protected from the 
ground surface with plastic sheeting. 

4.1 SOIL SAMPLING WITH THE CDH METHOD 

4.1 .1 Introduction 

The CDH sampler is one method for collecting soil samples for radionuclide 
analysis at the RFP. The CDH sampler was designed t o  sample radionuclides 
in the top-soil that could become resuspended in the air and thus pose a 
migration pathway by inhalation. The sampler is designed t o  obtain a sample 
from the upper surface 1/4 inch deep from an area 2 inches wide and 2 318 
inches long, as shown in Figure GT.8-1. 

Sampling locations will be described in the FSP. Some samples will be 
cornposited t o  obtain representative samples of large areas and others will be 
single-location samples. Sampling techniques for either type of sample are the 
same before compositing. 

4.1.2 Equipment and Materials 

The following is a list of equipment used for radionuclide contaminated soil 
sampling: 

e 

e 

0 

e 

0 measuring tape or wheel; 

CDH soil sampler; 
stainless steel scoop; 
stainless steel lab spoon; 
stainless steel mixing bowl or pan equivalent; 
sample containers; 
sample labels; 
wash and rinse tubs; 
phosphate-free, lab-grade detergent (e.g., Liquinox); 
distilled water; 
plastic sheeting; 
sample locations (map and/or list); 
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0 Brunton compass; 
0 lawn or garden spade; 

0 logbook; and 

0 appropriate health and safety equipment as specified in the applicable 

cooler with ice or ice packs. 

Health and Safety Plan; 

0 

4.1.3 Sampling Plot Layout 

A specified number of samples will be collected and composited from within 
sample plots. Under this scenario, the target locations of the samples will be 
described by an evenly spaced grid as specified in the site-specified FSP. 

Preliminary location of sampling points will be achieved by staking and flagging 
the points. The sample points will be located by taping, use of a measuring 
wheel, or by pacing, combined with the use of Brunton compass. The sample 
plot layout will attempt to achieve location accuracies of within + or - 10 feet 
of the proposed work plan data acquisition points, as specified in procedure . 
GT.17, Land Surveying. After all of the samples are collected within a sample 
plot; the southwest corner of the sample plot will be surveyed using standard 
surveying methods or global positioning system (GPS) methodologies. Refer to  
procedure GT.17, Land Surveying, or GT.27, GT.28, and GT.29 for GPS, for 
methods and acceptable uncertainty and range for the distance measurements 
made. Sample locations will be marked with a permanent identification, as 
designated in the FSP, so that the area may be located and resampled a t  a later 
date. 

The planned locations of sample points may be revised (i.e., offset) when 
obstacles are encountered within the plot. If pavement, disturbed ground, or 
other obstacles are present that would jeopardize sample integrity or endanger 
the samplers, the grid may be adjusted t o  allow the specified number of 
samples to be obtained from a smaller area. When practical, the originally 
planned grid spacing will be maintained; however, this cannot be done if a 
relatively large portion of a plot cannot be sampled. All offset locations will be 
documented on a sketch complete enough t o  be able to relocate each sample 
location within an accuracy of 10 feet. Survey checks will be made to 
document the accuracy of the offset sample points. 

The sampling plot layout for a single-location sample will follow the procedures 
as described in the site-specific FSP. 
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4.1.4 Procedures 

The following procedures will be used for the CDH sampler: 

1. 

2. 

3. 

4. 

5. 

6.  

7. 

8. 

Always use a clean sample container appropriate for the type of sample 
being collected. Refer to procedure FO. 13, Containerization, Preserving, ' 

Handling and Shipping of soil and water samples for the appropriate type 
of container. 

Label the sample container into which the soil sample is to be placed. 
Refer to procedure FO. 1 3, Containerization, Preserving, Handling, and 
Shipping of soil and water samples for the type of information t o  be 
included on the label. 

Carefully remove vegetation and any undesirable top layer of surfacial 
material to the desired sample depth with a decontaminated steel lawn 
or garden spade. Undesirable material is defined as; rocks, gravel, 
pebbles, scree, road base, paving material, vegetation or other organic 
material. 

Make sure that the soil sampling template is decontaminated and dry, 
then place it on the ground and push it into the soil so that the soil 
surface is even with the upper surface of the sampling template. 

A t  the back end of the template (the end farthest from the curved scoop 
at the front of the template), place the sampling spade in the soil 1/4 
inch deep, up to the rolled edges on the flanges on each side of the 
spade, so that the rolled edges face the front edge of the template. 
Refer to Figure GT.8-1. 

Gently, but firmly, draw the sampling spade forward, so that the soil is 
drawn to  the curved scoop at the front of the sampling template. 

Lift the spade, place it at the back of the template again and draw it 
forward once more to  ensure that the entire volume that is defined by 
the template (1 /4 inch deep by 2 inches wide by 2 3/8 inches long) is 
collected into the curved scoop at the front of the template. Repeat as 
necessary to obtain a complete sample. 

Taking care not to  spill any of the soil that has been collected, lift the 
template up from the ground. Place the curved scoop at  the front of the 
template inside the sample container and tip the sampling template up 
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to pour the soil into the container. Brush any soil that adheres to the 
scoop into the sample container. 

9. Close the container. 

10. 

11. 

12. 

After samples are placed in sample containers, the outside of the 
container will be wiped clean of excess material and it will 'be placed in 
a plastic bag. 

Transfer the samples to the sample manager. Refer to  procedure F0.13, 
Containerization, Preserving, Handling, and Shipping of Soil and Water 
Samples for the proper paperwork and sample transfer methods. This 
documentation is a QA record and must go into the ERM records center. 

Either use another set of clean sampling equipment or decontaminate 
equipment after use and between sample locations. For specific 
decontamination guidelines, consult procedure F0.3, General Equipment 
Decontamination. Decontamination according to these procedures is not 
necessary between composite sample points; however, excess dirt or 
mud should be cleaned from the equipment. 

Duplicate samples will be obtained by offsetting the primary sample location 6 
inches to 2 feet upwind or in a direction technically more appropriate and 
placing the duplicate samples in a separate jar. The location of the duplicate 
will be documented on the data collection form. The duplicate sample will be 
composited and containerized following the same procedures as for the primary 
sample. The frequency of duplicate samples will be defined in the FSP or the 
Quality Assurance Addendum (QAA). 

' 

4.2 

4.2.1 

SOIL SAMPLING WITH THE RF METHOD (JIG AND SCOOP) 

Introduction 

The purpose of sampling is to determine the amount of accumulated plutonium 
that has been deposited on the ground. This determination is accomplished by 
collecting a sample volume of 5,000 cm3 of soil in situ. The jig outlines a 
square area with 1 0-cm sides and is driven 5 cm into the soil to  cut three sides 
of the sample (Figure GT.8-2). At the fourth side, soil is removed from outside 
the jig's perimeter. The scoop is used to finish the cut on both the fourth side 
of the sample and the bottom surface. Ten samples should be collected at 
each location and composited. 
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In very rocky areas, good sample geometry (shape) cannot be achieved with the 
jig. In those cases, the jig and the metric rule should be used to gauge the 
desired sample size. Rocks and soil are pried or chiseled out of place for 
collection. 

4.2.2 Equipment and Materials 

The following is a list of equipment used for the RF method. 

b 

b 

0 

b 

b 

0 

b 

b 

0 

0 

b 

b 

0 

b 

0 

b 

0 

0 

soil sampling jig (10 X 10 X 5 cm); 
spare sampling jig parts; 
stainless steel scoop; 
stainless steel bowl; 
brushes, wire, and paint; 
wash bucket, and paper towels; 
phosphate-free, lab-grade detergent (e.g. Liquinox) 
distilled water; 
plastic bags; 
paint cans, 1 gallon new; 
hammer; 
miscellaneous cold chisels; 
pointed cement trowel; 
black waterproof (permanent) marking pens; 
metric rule; 
wood block (1 0 X 10 X 30 cm); 
site selection plan (FSP); 
appropriate health and safety equipment as specified in the applicable 
Health and Safety Plan; 
logbook; 
cooler with ice or ice packs; 
plastic sheeting; and 
sample containers and labels. 



SURFACE SOIL SAMPLING 0 EG&G ROCKY FLATS PLANT Manual: 4-E42-ER-OP S 

EAM OPERATIONS PROCEDURE Procedure No. 
MANUAL 

Page: 

Effective Date: 

GT.08Aev.3 

11  of 41 

12/8/93 

Organization: Environmental Restoration Management 

4.2.3 Sampling Plot Layout 

A site selection plan as described in the applicable FSP should be used to 
specify the general site location. The plan must provide adequate information 
for the sample collection crew to locate each specific site. Sample locations 
will be marked with an identification sign, as designated in the FSP, so that the 
area may be located and resampled at a later date. Permission to  collect 
samples and mark the site should be obtained from the appropriate EG&G 
department or the landowner. Sample collection crews will be accompanied by 
supervision for all sampling activities to  ensure that specified procedures are 
followed. 

The following general site selection criteria should be considered: 

undisturbed location for the time interval of interest; 
near the center of a large, flat, open area; 
not subject to  excessive runoff during heavy rain; 
light to moderate vegetation and permeable soil; and 
not in an area of mechanical disturbance. 

Consideration of these criteria will depend on the nature of the study. For 
example, in some instances it may be necessary to  investigate an area of 
mechanical disturbance. 

If a sample site is not available that meets the criteria described in the FSP, the 
location can be moved up to  one-half the distance t o  the next grid sample 
location or within 10 feet of a staked sample location which is not part of a 
grid. If the sample location must be moved further than this distance, 
regulatory agency concurrence will need to be obtained. Any movement of 
sample locations will be documented on the surface soil data collection form 
and in the field crew supervisors logbook. 

All selected sites should be located on a map. 

4.2.4 Procedures 

Ten soil samples should be collected a t  each site and cornposited for analysis. 
Samples should be collected at the center and corners of t w o  one-meter 
squares that are spaced one meter apart. Figure GT.8-3 illustrates this sample 
collection spacing. The following procedures will be used for the RF method: 
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1. Place the sampling jig on the ground, and using the wood block and 
hammer, drive the jig into the soil to  a depth of 5 cm. 

2. With minimal disturbance to  the soil inside the jig, use a scoop, trowel, 
or chisel to  remove the soil from around the open side of the sample jig. 
Soil should be removed to a depth that will allow easy removal of the 
sample. 

3. Discard the soil removed from outside the jig. 

4. Remove soil samples from the interior jig with scoop/trowel and place 
it in a 10-mesh metal sieve that has a plastic bag attached to the 
bottom to receive the soil that passes through the sieve. After all 10 
samples (5 samples from each of the two  1-meter square templates) 
have been placed into the sieve, attach the sieve cover and seal with 
tape. Sieving may be done in stages if all 10  soil samples cannot be 
placed into the sieve a t  the same time. 

5. Label the sample container into which the soil sample is to  be placed. 
Refer to  procedure FO. 1 3, Containerization, Preserving, Handling, and 
Shipping of Soil and Water Samples, for the type of information to be 
included on the label, and the appropriate type of container. 

This documentation is a QA records and must go into the ERM records 
center. 

Shake the sieve for several minutes. If the soil is moist, gently crush soil 
aggregate with fingers, while wearing proper personal protective equipment as 
prescribed in the applicable Health and Safety Plan, and continue shaking until 
all soil matrix has passed through the sieve. Discard large particles (cobbles, 
stones, etc.) that do not pass through the sieve into original disturbed area. 

6. In order to  reduce the volume of the sieved sample to  the quantity 
required for laboratory analysis, and still maintain a representative 
sample; place sieved soil into stainless steel pan. Mix soil thoroughly 
with a scoop/trowel. Divide sieved soil into quarters. Subsample each 
quarter equally so the total amount of subsampled soil to  be used for 
jmalvsis does not exceed 1 kg or one 1 -gal paint can. Place each of the 
four subsamples into one plastic bag. Place plastic bag in metal 1-gal 
paint can. Leave about 1 inch headspace in paint can. 
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7. Place residual sieved soil from quartering inside plastic bag, and place 
bag inside another paint can. If residual soil exceeds volume of one 1- 
gal paint can, place excess residual sieved soil back into original 
disturbed area. 

8 .  Store residual sieved soil for potential use at a later date. 

9. Decontaminate sieve between uses following procedure F0.3, General 
Equipment Decontamination. 

4.3 GRAB SAMPLING (SPADE AND SCOOP) 

4.3.1 Introduction 

Surface soil samples can be collected for radionuclide analyses using grab 
sampling (spade and scoop) methods. 

Sampling locations and the number of soil samples will be described in the 
specific Field Sampling Plan for each project. Equipment, sample plot layout, 
and sampling procedures are described in the following sections. 

4.3.2 Equipment and Materials 

The following is a list of equipment for contaminated soil sampling: 

spade (long handle); 
stainless steel hand auger (optional); 
mason trowel; 
stainless steel scoop; 
stainless steel lab spoon; 
sample labels; 
sample containers; 
washhinse tubs; 
phosphate-free, laboratory-grade detergent (e.g., Liquinox); 
distilled water; 
plastic sheeting; 
sample locations (map and/or list); 
appropriate health and safety equipment as specified in the applicable 
Health and Safety Plan; 
photoionization detector (PID) or flame ionization detector (FID); 
logbook; 

548 
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0 measuring tape or wheel; 
0 Brunton compass; 

0 shovel. 
0 cooler with ice or ice packs; and 

4.3.3 Sampling Plot Layout 

Sample locations are described in the Field Sampling Plan for each project. 
Permission and clearance for collecting samples will need to be coordinated 
with the appropriate EG&G department or the landowner for the specific area. 
Utilities will be cleared before any intrusive work. 

Preliminary location of sampling points will be achieved by staking and flagging 
the points. The sample plot layout will attempt t o  achieve location accuracies 
of within + or - 10 feet of the proposed work plan data acquisition points, as 
specified in procedure GT.17, Land Surveying. After all of the samples are 
collected within a sample plot; the southwest corner of the sample plot will be 
surveyed using standard surveying methods or global positioning system (GPS) 
methodologies. Refer t o  procedure GT.17, Land Surveying, or GT.27, GT.28, 
and GT.29 for GPS, for methods and acceptable uncertainty and range for the 
distance measurements made. The sample location will be sketched on a field 
map. Sample locations will be marked with an identification sign, as designated 
in the FSP, so that the area may be located and resampled at a later date. 

The sample points will be surveyed by taping, use of a measuring wheel, or by 
pacing, combined with the use of Brunton compass. Regardless of the method 
used, survey checks will be made to verify the accuracy of the measurements. 

Photographs of the surrounding area and the soil will be at the discretion of the 
field crew supervisor. If a significant feature or something out of the ordinary 
is encountered that may effect sampling and should be documented; then a 
photograph will be taken. Photography shall be coordinated with the RFP 
photography department at least one week in advance of the sampling event. 

4.3.4 Procedures 

The following procedures will apply for surface-soil sampling with a spade and 
scoop. 

1. Carefully remove vegetation and any undesirable surfical material to  the 
desired sample depth with a decontaminated steel lawn or garden 
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spade. Desired sample depth will be specified in the project specific 
work plan. 

2. Using a decontaminated stainless steel scoop or trowel, remove and 
discard the thin layer of soil from the area that contacted the shovel. 

3. Remove debris and coarse materials such as pebbles, rocks, and stones. 

4. Collect the appropriate quantity of sample using a stainless steel spoon 
or scoop. 

5. Transfer the sample into an appropriate sample container with a 
stainless steel lab spoon or equivalent. Refer to procedure F0.13, 
Containerization, Preserving, Handling and Shipping of Soil and Water 
Samples for the type of container. 

6. Label the sample container with the appropriate sample information 
including date and time, the sampler's initials, the sample identification, 
and sample location. Record information on the field data collection 
form. Handle samples according t o  procedure FO. 1 3, Containerization, 
Preserving, Handling and Shipping of Soil and Water Samples. This 
documentation is a QA record and must go into the ERM records center. 

4.4 SOIL SAMPLING WITH THE VERTICAL SOIL PROFILE METHOD 

4.4.1 Introduction 

The purpose of vertical soil profile sampling is to define the distribution of 
radionuclides in the top 6 inches of soil to verify the results of the HPGe 
surveys. This step is accomplished by collecting discrete soil samples at 2-inch 
intervals corresponding to depths from: 0 to 2 inches, 2 to 4 inches, and 4 t o  
6 inches. Sampling intervals of two-inches is required to  define the extent of 
radiological contamination within discrete layers of the surface soil t o  verify the 
results of the HPGe surveys. There are four procedures for obtaining these 
samples: 1) collection from the surface downward, 2) collection from the side 
wall of a small excavation, 3) collection by coring, and 4) collection from 
beneath concrete or asphalt pavement. Use of any of the following procedures 
will depend on site conditions at the time of sampling. The specific procedure 
chosen to meet site conditions will be documented on the surface soil data 
collection form and in the field supervisors log book. 
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Sampling locations and the number of soil and quality assurance samples will 
be described in the FSP. Equipment, sample plot layout, sample procedures and 
site restoration is described in the following sections. 

4.4.2 Equipment and Materials 

The following is a list of equipment used for vertical soil profile sampling: 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

Brunton compass; 
measuring tape or wheel; 
stainless steel scoop, spoon or trowel; 
tap water, or deionized, distilled water; 
wash and rinse tubs; 
phosphate free, lab-grade detergent (e.g. Liquinox) 
spray bottle or orchard sprayer; 
shove I; 
sledge hammer (optional) 
pick (optional); 
corer (optional); 
chalk marker; 
concrete saw (optional); 
wet-vac (optional); 
plastic sheeting; 
sample containers; 
sample labels; 
appropriate health and safety equipment as specified in the applicable 
Health and Safety Plan; 
logbook; and 
cooler with ice or ice packs. 

4.4.3 Sampling Plot Layout 

The sample location will be determined from the results of the HPGe survey. 
Permission and clearance for collecting samples will need to  be coordinated 
with the plant manager or landowner for the specific area. Utilities will be 
cleared before any intrusive work. 

Each sample location will be located within f 10 feet (as specified in procedure 
GT.17, Land Surveying) of the proposed work plan location by measuring its 
distance to a permanent landmark using a measuring wheel, or measuring tape, 
and a Brunton compass. The sample location will be sketched on a field map. 



SURFACE SOIL SAMPLING 
EG&G ROCKY FLATS PLANT Manual: 4-E42-ER-OPS 

ERM OPERATIONS PROCEDURE Procedure No. GT.08, Rev. 3 
MANUAL 

17 of 41 Page: 

Effective Date: i21a193 

Omanization: Environmental Restoration Management 

Sample locations will be marked with a permanent identification, as designated 
in the FSP, so that the area may be located and resampled at  a later date. 

Photographs of the surrounding area and the soil will be at the discretion of the 
field crew supervisor. If a significant feature or something out of the ordinary 
is encountered that may effect sampling and should be documented; then a 
photograph will be taken. Photography shall be coordinated with the RFP 
photography department a t  least one week in advance of the sampling event. 

A small area measuring about 24 by 24 to 36 by 36 inches will be selected for 
the sample location. The planned location may be offset by up to 3 feet, but 
should be placed as close to  the original location as possible. If a large cobble 
is encountered below the ground surface, the soil sample may be collected from 
either side of the cobble. The presence of cobbles and where the sample was 
collected around the cobble will be documented in the data collection form and 
the field supervisors log book. 

4.4.4 Procedures For Sampling From Surface Downward 

1 .  Use a stainless scoop/trowel to  collect a 500 gram sample from the 
surface, 0 to 2 inches, sample and place in a 500 mL sample container; 
include organic material and coarse sample material that is encountered 
during sampling. Collect sample uniformly in thickness. If necessary, 
the soil may be moistened with tap water (or deionized, distilled water, 
i f  the sample is to  be split for inorganic metals analysis) using a spray 
bottle or orchard sprayer, to enhance sample collection by preventing 
fine soil particles from becoming airborne. 

2. Collect the next sample from a depth interval of 2 to 4 inches below the 
first sample interval (0 to 2 inches) using the method in Step 1 above. 

3. Collect the last sample from a depth interval of 4 to 6 inches below the 
second sample interval (2 to  4 inches) using the method in Step 1 
above. 

4. Backfill the sample location with any residual excavated material on the 
same day that the initial excavation and sampling is performed. 

Either use another set of clean sampling equipment or decontaminate the 
sampling equipment between each step following procedure F0.3, General 
Equipment Decontamination. 
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4.4.5 Procedure For Sidewall Sampling (use when large soil components prevent 
excavation from surface downward) 

1. Dig a small excavation (maximum depth equal to 12 inches). Stockpile 
excavated material near excavation on plastic sheeting. 

2. Scrape the upper few inches (0 to 3 inches) of soil from one side of the 
pit with a stainless steel scoop/trowel to expose a fresh surface and 
prevent cross-contamination. If necessary, the soil may be moistened 
with tap water, (or deionized, distilled'water, if the sample is to  be split 
for inorganic metals analysis) using a spray bottle, or orchard sprayer, 
to enhance sample collection by preventing fine soil particles from 
becoming airborne. 

3. Use a stainless steel scoop/trowel to  collect a 500 gram sample from 
the sidewall surface, 0 to 2 inches in the depth and place in a 500 mL 
sample container; include organic material and coarse sample material 
encountered during sampling. Collect a sample of uniform thickness and 
depth into the sidewall. 

4. Scrape the next lower few inches (2 to 5 inches) of the pit sidewall 
below the first sample interval (0 to 2 inches) with a stainless steel 
scoop/trowel. 

5. Collect the next sidewall sample from a depth of 2 to 4 inches below 
the first sample interval (0 to 2 inches), following Step 3 above. 

6 .  Scrape the last lower few inches (4 to 7 inches) of the pit sidewall 
below the second sample (2 to 4 inches) with a stainless steel 
scoop/trowel. 

. 7. Collect the last sidewall sample from a depth interval of 4 to 6 inches 
below the second sample (2 to 4 inches), using the method in Step 3 
above. 

8. Backfill the excavated material on the same day that the initial 
excavation and sampling is performed. I 

Either use another set of clean sampling equipment or decontaminate the 
sampling equipment between each step following procedure F0.3, General 
Equipment Decontamination. 

1 1 
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4.4.6 Procedures For Coring 

1. 

2. 

3. 

4: 

5. 

Use a hand-powered, stainless steel "cookie cutter" type corer t o  collect 
a 500 gram sample from the top 0 t o  2 inches and place in a 500 mL 
sample container; include organic material and coarse sample material 
encountered during sampling. Collect the sample uniformly from the 
surface to  a 2-inch depth. If necessary, the soil may be moistened with 
deionized, distilled water using a spray bottle, or orchard sprayer, t o  
enhance sample collection by preventing fine soil particles from 
becoming airborne. 

Collect the next core sample from a depth interval of 2 t o  4 inches 
below the first sample interval (0 to  2 inches), using the method in Step 
1 above. 

Collect the last core sample from, a depth interval of 4 t o  6 inches 
immediately below the second sample interval (2 t o  4 inches), using the 
methods in Step 1 above. 

I f  the sample displays a tendency to fall out of the corer while extracting 
it, the sampling technician should attempt t o  cover the bottom of the 
corer with a stainless steel spoon as it is extracted from the soil so the 
depth specific sample will fall onto the spoon and can then be 
transferred t o  the sample container. 

Backfill the sample location with any residual excavated material on the 
same day that the initial excavation and sampling is performed. 

l -  

Either use another set of clean sampling equipment or decontaminate the 
sampling equipment between each step following procedure F0.3, General 
Equipment Decontamination. 

4.4.7 Procedure For Sampling Under Asphalt and Concrete 

1. Measure and mark a 24-by 24-inch or 36-by 364nch area on the asphalt 
or concrete at the selected sample location using a chalk marker. 

2. Cut on the line marked in chalk using a water-lubricated concrete saw; 
use precaution t o  avoid cutting into and disturbing the underlying soils. 
Cut all sides of the marked area. 
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4.5 

4.5.1 

3. If the use of a wet-dry vacuum satisfies the applicable health and safety 
plan requirements for control of airborne contamination, collect excess 
water using a wet-vac, if needed, to  prevent the migration of water that 
may be contaminated from contact with contaminated concrete or 
asphalt. Any water collected will be placed with the used 
decontamination water and disposed at the decontamination pad. 

- 

4. Use a sledge hammer, or a pick and shovel for asphalt, to  carefully 
break the concrete/asphalt into large pieces. Take care to  prevent 
crushing the concrete/asphalt into small pieces that would interfere with 
sampling the underlying soil. Remove the pieces of concrete/asphalt 
from the sample area. 

5. Sample the underlying soil using any one of the methods outlined in 
Sections 4.4.4, 4.4.5, or 4.4.6. 

6.  Repair the asphalt or concrete by filling the core hole with asphalt patch 
or premix concrete, leveling it with the surrounding surface. A 
permanent identification marker will be placed so that the area may be 
located and resampled at a later date if necessary. ' 

Either use another set of clean sampling equipment or decontaminate the 
sampling equipment between each step following procedure F0.3, General 
Equipment Decontamination. 

Procedures for minimizing dust generation and personal protective equipment 
are described in the applicable Health and Safety Plan. 

SURFACE SOIL SAMPLING BELOW ASPHALT OR CONCRETE 

Introduction 

The purpose of sampling surficial soil under asphalt or concrete is to  determine 
if chemical contamination or radionuclides are present in the soils underlying 
these covers and determine their concentration, if present. This step is 
accomplished by removing a small amount of the asphalt or concrete overlying 
the surface soil at the designated sampling locati,on, and then collecting a grab 
sample of the soil. 

Sampling locations, the number of soil samples and quality assurance samples 
and any potential sampling problems will be described in each projects Field 
Sampling Plan. The following sections describe the sampling equipment, 
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sample plot layout, and sampling procedure for collecting surface soil samples 
from below asphalt or concrete. 

4.5.2 Equipment and Materials 

The following is a list of equipment required for surface soil sampling below 
asphalt or concrete. 

field map; 
Brunton compass; 
measuring tape or wheel; 
steel posts (optional); 
identification signs (optional); 
landscaping nails (optional); 
surveyor's tape (optional); 
stainless steel scoop or trowel; 
steel lawn or garden spade; 
deionized, distilled, high purity water; 
wash and rinse tubs; 
plastic sheeting; 
phosphate free, lab grade detergent (e.g. Liquinox) 
spray bottle or orchard sprayer; 
shovel; 
pick; 
sledge hammer; 
concrete core drill (optional); 
chalk marker; 
wet-dry vacuum (optional); 
portable generator (optional); 
asphalt patch; 
sample containers and labels; 
appropriate health and safety equipment as specified in the applicable 
Health and Safety Plan; 
logbook; and 
cooler with ice or ice packs. 

4.5.3 Sampling Plot Layout 

Surface soil sample locations are tentatively identified in the FSP for each OU. 
Permission and clearance for collecting samples will require coordination with 
the appropriate EG&G department or the landowner for a specific area. 
Additionally, a utility clearance will be conducted at each sampling location 

i 1 
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before asphalt or concrete coring. Each sample location will be determined 
within f 10 feet (as specified in procedure GT.17, Land Surveying) of the 
proposed work plan location by measuring its bearing and distance to a 
permanent landmark using a Brunton compass and a measuring wheel or tape. 
The sample location will be sketched on a field map. Sample locations will be 
marked with an identification sign, as designated in the FSP so that the area 
may be located and resampled a t  a later date. 

Photographs of the surrounding area and condition of the soil will be at the 
discretion of the field crew supervisor. If a significant feature or something out 
of the ordinary is encountered that may effect sampling and should be 
documented; then a photograph will be taken. Photography will be coordinated 
with the RFP photography department at least one week before the sampling 
event. 

The planned locations may require slight adjustments depending on site 
conditions a t  the time of sampling. If obstacles are encountered (such as large 
cobbles), locations will be offset as close as possible t o  the original location, up 
to a maximum of 3 feet. The presence of large cobbles and where the sample 
was collected around the cobble will be documented in the data collection form 
and the field supervisors logbook. 

4.5.4 Sampling Procedure 

1. 

2. 

3. 

4. 

Use a Brunton compass and tape measure t o  determine individual 
sampling locations and a sampling grid. Mark the identified locations 
with chalk. 

Cut a small diameter (2 to 4 inches) core of the asphalt or concrete 
using a water-lubricated, power coring device. Use caution to avoid 
cutting into and disturbing the underlying soils. 

If the use of a wet-dry vacuum satisfies the applicable health and safety 
plan requirements for control of airborne contamination, collect excess 
water using a wet-dry vacuum to  prevent the migration of water that 
may be contaminated from contact with contaminated asphalt or 
concrete. Any water collected will be placed with the used 
decontamination water and disposed at  the decontamination pad. 

Remove the asphalt or concrete core from the sampling area taking care 
to  prevent crushing the material into small pieces. The small pieces 
could interfere with sampling the underlying soil. 
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5. 

6. 

7. 

8. 

9. 

10. 

Carefully remove any fill material from directly beneath the asphalt or 
concrete, which may be overlying the original soil surface, with a 
decontaminated steel lawn or garden spade. 

Remove debris and coarse materials such as pebbles, rocks and stones. 

Using a stainless steel scoop or spoon, transfer the desired sample 
quantity into an appropriate sample container. Refer to procedure 
FO. 13, Containerization, Preserving, Handling and Shipping of Soil and 
Water Samples for the type of container. 

Label the sample container with the appropriate sample information 
including date and time, the samplers initials, the sample identification 
and sample location.” Record information on the field data collection 
form. Handle samples according to  procedure FO. 1 3, Containerization, 
Preserving, Handling and Shipping of Soil and Water Samples. This 
documentation is a QA record andmust go into the ERM records center. 

Either use a clean set of sampling equipment or-decontaminate sampling 
equipment after use and between sample locations, following procedure 
F0.3, General Equipment Decontamination. 

Repair the asphalt or concrete by filling the core hole with asphalt patch 
or premix concrete, leveling it with the surrounding surface. A 
permanent identification marker will be placed so that the area may be 
located and resampled at a later date if necessary. 

Duplicate samples will be obtained by moving from the primary sample 
location 6 inches to  2 feet upwind or in a direction technically more 
appropriate and repeating the sampling procedure. The location of the 
duplicate will be documented on the data collection form. The Field 
Sampling Plan specific to each project will detail the number of duplicate 
samples required. 

4.6 ASPHALT OR CONCRETE SAMPLING FOR RADIONUCLIDES 

4.6.1 Introduction 

The purpose of sampling asphalt or concrete is to determine if radionuclides are 
present within and/or adhering to  these cover materials and determine their 
concentration, if present. This is accomplished by removing a small amount of 
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the asphalt or concrete at the designated sampling location, containerizing the 
sample, and submitting it for analysis. 

Sampling locations and the number of asphalt or concrete samples and quality 
assurance samples will be described in the specific Field Sampling Plan for each 
project. Equipment, sample plot layout, and sampling procedures for collecting 
asphalt and concrete samples, procedures for sample handling, and sample site 
restoration is described in the following sections. 

4.6.2 Equipment and Materials 

The following is a list of equipment required for asphalt or concrete sampling. 

e 

e 

e 

e 

0 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

0 

e 

e 

e 

e 

0 

0 

e 

e 

0 

e 

field map; 
Brunton compass; 
measuring tape or wheel; 
steel posts (optional); 
identification signs (optional); 
landscaping nails (optional); 
surveyor's tape (optional); 
stainless steel trowel; 
stainless steel bowl; 
stainless steel hand auger (optional); 
deionized, distilled, high-purity water; 
wash and rinse tubs; 
phosphate free, lab-grade detergent (e.g. Liquinox); 
plastic sheeting; 
spray bottle or orchard sprayer; 
hammer; 
chisel; 
shovel; 
pick; 
concrete saw (optional); 
concrete core drill (optional); 
chalk marker; 
wet-dry vacuum (optional); 
portable generator (optional); 
large ziplock bags; 
aluminum foil; 
asphalt patch; 
plastic wrap; 
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e 1 -gallon paint cans; 
e sample labels; 

e logbook; and 
e cooler with ice or ice packs; 

b appropriate health and safety equipment as specified in the applicable 
Health and Safety Plan. 

4.6.3 Sampling Plot Layout 

Asphalt or concrete sample locations are tentatively identified in the Field 
Sampling Plan for each project. Permission and clearance for collecting samples 
will need to  be coordinated with the appropriate EG&G department or the 
landowner for the specific area. Additionally, a utility clearance will be 
conducted a t  each sampling location before asphalt or concrete coring or 
cutting. Each sample location will be located within f 10 feet (as specified in 
procedure GT.17, Land Surveying) of the proposed work plan location by . 
measuring its bearing and distance to  a permanent landmark using a Brunton 
compass and a measuring wheel or measuring tape. The sample location will 
be sketched on a field map. Upon completion of sampling at each location, the 
location will be marked with an identification sign, as designated in the FSP, so 
that the area may be located and resampled at a later date if necessary. 

Photographs of the surrounding area and the condition of the asphalt or 
concrete will be at  the discretion of the field crew supervisor. If a significant 
feature or something out of the ordinary is encountered that may effect 
sampling and should be documented; then a photograph will be taken. 
Photography shall be coordinated with the RFP photography department a t  least 
one week in advance of the sampling event. 

The planned locations may require slight adjustments depending on site 
conditions at the time of sampling. If obstacles are encountered (such as large 
cobbles), locations will be offset as close as possible to  the original location, up 
to  a maximum of 3 feet. The presence of large cobbles and where the sample 
was collected around the cobble will be documented in the data collection form 
ad the field supervisors logbook. 

4.6.4 Procedures For Asphalt or Concrete Coring or Cutting 

1. Use a Brunton compass and tape measure t o  locate individual sampling 
locations and/or sampling grid. Mark the identified locations with chalk. 
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2. For core sampling (Section 4.6.51, cut a small diameter core (2 to  4 
inches) completely through the asphalt or concrete using a water 
lubricated, power coring device. 

3. For sampling the top and bottom one-fifth of the asphalt or concrete 
cover material (Section 4.6.61, multiple concrete cores will need to  be 
cut in order to obtain sufficient sample quantity. Mark the selected 
sample location. Cut asphalt or concrete cores (as described in Step 2) 
from immediately surrounding the sample location, cutting the 
subsequent cores adjacent to  and as close as possible to  the previous 
core cut. 

4. If the use of a wet-dry vacuum satisfies the applicable health and safety 
plan requirements for control of airborne contamination, collect excess 
water using a wet-dry vacuum, if needed, to  preclude the migration of 
water that may be contaminated from contact with contaminated 
asphalt or concrete. Any water collected will be placed with the used 
decontamination water and disposed at the decontamination pad. 

5. Sample the multiple asphalt or concrete cores as detailed in Section 
4.6.6. 

4.6.5 Procedures For Sampling Asphalt or Concrete Core 

1. Label a large ziplock bag with the project identification number, OU 
number, sample site identification number, sample collection date and 
time, and name of sample collector. 

2. Remove the asphalt or concrete core from the cut. Clearly mark the 
core to indicate the top surface. First wrap the core in aluminum foil. 
Next, wrap the aluminum covered' core in plastic wrap. Insert the 
wrapped core into the labeled ziplock bag. 

3. Complete necessary paperwork (chain-of-custody, etc.) and transfer the 
sample t o  the sample manager. This documentation is a QA record and 
must go into the ERM records center. 

4. Repair the asphalt or concrete by filling the core hole with asphalt patch 
or premix concrete to the same height as the surrounding surface. A 
permanent identification marker will be placed so that the area may be 
located and resampled a t  a later date i f  necessary. 
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5. Either use another set of clean sampling equipment or decontaminate all 
sampling equipment after use and between sample locations using 
procedures detailed in procedure F0.3, General Equipment 
Decontamination. 

4.6.6 Sampling the Top and Bottom One-Fifth of Asphalt or Concrete 

4.7 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

Label a clean, 1-gallon paint can with the sample site identification, 
sample collection date, and name of sample collector. 

Remove one of the asphalt or concrete cores that were cut, (as detailed 
in Section 4.6.4, Step 3) from the core drill. 

Measure and mark the top one-fifth and bottom one-fifth of the total 
thickness of the asphalt or concrete core. 

Using a hammer and chisel, chip away the top one-fifth of the core 
sample, trying to  chip as large of pieces as possible. Collect this top 
one-fifth of the core material in a 1 -gallon paint can until 1 - to  1.5-kg of 
sample is obtained. 

Repeat Step 4 on the bottom one-fifth of the core sample and collect 
material in a separate l-gallon paint can. 

Repeat Step 2 through 5 until the desired sample quantity (see Step 4) 
is obtained. 

Repair the asphalt or concrete as per Section 4.6.5, Step 4. 

Duplicate samples will be obtained by offsetting from the primary sample 
location 6 inches to  2 feet upwind or in a direction technically more appropriate 
and repeating Section 4.6.4, and either Section 4.6.5, or 4.6.6 procedures. 
The location of the duplicate will be documented on a data collection form. 

COMPOSITING OF SOIL SAMPLES 

Compositing of samples will be required for some tasks. This will be done by 
emptying the sample container(s) into a large stainless steel pan and stirring by 
using a stainless steel scoop or spoon t o  thoroughly mix the sampleb). The soil 
will be scraped from the sides, corners, and bottom of the pan, rolled t o  the 
center of the pan, and mixed. The sample will then need to  be quartered and 
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moved to  the four corners of the mixing pan. Each quarter of the sample will 
then be mixed individually. Each quarter will then be rolled to  the center of the 
mixing pan and the entire sample mixed together again. This procedure will be 
repeated as necessary to provide a homogenous sample before being placed in 
the sample container(s). 

5.0 METHODS FOR NONRADIONUCLIDE SURFACE SOIL SAMPLING 

Soil sampling for nonradionuclide samples will be done with either a stainless 
steel scoop or spoon. For depth-specific sampling, a manual operated stainless 
steel hand auger may be used. Methods for asphalt and concrete removal are 
described for sampling beneath these barriers. Methods for wipe and 
destructive samples for polychlorinated biphenyls (PCBs) are also described.in 
this section. The primary consideration for acquiring samples in the field 
include the following: 

Sample handling should be minimized. 

Sample/air contact should be minimized. 

The sample will be placed in' an air-tight container immediate11 
collection. 

after 

Depth-specific samples acquired with a hand auger will be labeled and 
marked with the appropriate depth. 

The sample type, basis for collection and required methodology can be 
determined by consulting the applicable work plan. 

For further information on sample handling, refer to  procedure F0.13, 
Containerization, Preserving, Handling, and Shipping Soil and Water Samples, 
and the site-specific FSP. 

5.1 GRAB SAMPLING (SPADE AND SCOOP) 

Surface soil samples can be collected for nonradionuclide analyses using grab 
sampling (spade and scoop) methods. . 

Except for the analytical methods, the procedure for nonradionuclide grab 
sampling (spade and scoop) is identical to  the radionuclide procedure. 
Therefore, refer to Section 4.3 for the complete procedure. \ 
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5.2 SAMPLING WITH A HAND AUGER 

5.2.1 Introduction 

A hand auger will be used to collect depth-specific surface soil samples up to 
a total depth of l-meter below ground surface. Sampling locations and the 
number of soil samples will be described in the specific Field Sampling Plan for 
each project. Equipment, sample plot layout, sampling procedures, and sample 
handling are described in the following sections. 

5.2.2 Equipment and Materials 

The following is a list of equipment for nonradionuclide contaminated soil 
sampling: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

e 

spade (long handle); 
stainless steel hand auger; 
mason trowel; 
stainless steel scoop; 
stainless steel lab spoon; 
sample labels; 
sample containers; 
washhinse tubs; 
phosphate-free, laboratory-grade detergent (e.g., Liquinox); 
distilled water; 
plastic sheeting; 
locations (map and/or list); 
appropriate health and safety equipment as specified in the applicable 
Health and Safety Plan; 
photoionization detector (PID) or flame ionization detector (FID); 
logbook; 
measuring tape or wheel; 
Brunton compass; 
ice chest with ice or ice packs; and 
shovel. 

5.2.3 Sampling Plot Layout 

Sample locations are described in the Field Sampling Plan for each project. 
Permission and clearance for collecting samples will need to be coordinated 
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with the appropriate EG&G department or the landowner for the specific area. 
Utilities will be cleared before any intrusive work. 

Each sample location will be located within f 10 feet (as specified in procedure 
GT.17, Land Surveying) of the proposed work plan location by measuring its 
distance to a permanent landmark using a measuring wheel, or measuring tape, 
and a Brunton compass. The sample location will be sketched on a field map. 
Sample locations will be marked with an identification sign, as designated in the 
FSP, so that the area may be located and resampled at a later date. 

After all of the samples are collected within a sample plot; the southwest 
corner of the sample plot will be surveyed using standard surveying methods 
or global positioning system (GPS) methodologies. Refer to procedure GT. 17, 
Land Surveying, or GT.27, GT.28, and GT.29 for GPS, for methods and 
acceptable uncertainty and range for the distance measurements made. 

Photographs of the surrounding area and the soil will be at the discretion of the 
field crew supervisor. If a significant feature or something out of the ordinary 
is encountered that may effect sampling and should be documented; then a 
photograph will be taken. Photography shall be coordinated with the RFP 
photography department at least one week in advance of the sampling event. 

5.2.4 Procedures 

The following procedures will apply for subsurface soil sampling with a 
stainless steel hand auger. 

1. Carefully remove vegetation and any undesirable surfical material or fill 
material to  the desired sample depth point with a decontaminated steel 
lawn or garden spade. 

2. Using a decontaminated stainless steel scoop or trowel, remove and 
discard the thin layer of soil from the area that contacted the shovel. 

3. At each sample location, a borehole will be advanced with a 
decontaminated 2 3/4-inch outside diameter stainless steel hand auger 
to the initial target depth interval as specified in the FSP. Most 
boreholes will have three target depth intervals at  10 to 14 inches, 22 
to 26 inches, and 34 to 38 inches. Surficial soils will be defined as 
those between the ground surface and l-meter in depth. 
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5.3 

5.4 

5.4.1 

4. 

5. 

6. 

7. 

The auger will be withdrawn from the boring and the sample will be 
transferred to  a decontaminated stainless steel pan where it will be 
thoroughly mixed with a stainless steel spoon. The sample will then be 
transferred t o  a precleaned, wide-mouth 8-ounce jar, labeled, and placed 
in a cooler. 

The crew will then use a hand auger to reach the next target depth. 
The sampling process will be repeated. 

Decontaminate all sampling equipment between sampling depths 
following procedure F0.3, General Equipment Decontamination. 

Label the sample container with the appropriate sample information 
including date and time, the sampler's initials, the sample identification 
number, sample location, and depth interval. Record the information on 
the field data collection form. Handle samples in accordance with 
procedure FO. 1 3, Containerization, Preserving, Handling, and Shipping 
of Soil and Water Samples. The documentation is a QA record and 
must go into the ERM records center. 

SAMPLING BELOW ASPYALT OR CONCRETE 

Except for the analytical methods, the procedure for nonradionuclide 
surface-soil sampling below asphalt or concrete is identical to the radionuclide 
procedure. Therefore, refer to  Section 4.5 for the complete procedure. 

WIPE AND PAVEMENT SAMPLING FOR POLYCHLORINATED BIPHENYLS 

Introduction 

Sampling of nonporous (sealed concrete, tile, stainless steel surfaces, etc.) and 
porous surfaces (concrete and asphalt) is required to determine if surface areas 
have been contaminated with PCB-contaminated oils. The following sections 
describe methods for the collection of grab samples from nonporous hard 
surfaces (wipe samples), and porous surfaces such as concrete, wood, and 
asphalt (destructive samples) for PCB analysis. 

Specific sampling locations and number of soil and quality assurance samples 
will be described in the FSP section of the work plan for each operable unit. 
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5.4.2 Equipment and Materials 

The following is a list of equipment required for sampling: 

0 

0 

0 

0 

0 

0 

0 

0 

Whatman 40 ashless filter paper or Whatman 50 smear tabs or 
precleaned 3 by 3 inch gauze pads; 
steel forceps; 
rubber gloves; 
100 cmz template; 
solvent (isooctane from the laboratory) to wet sample filer or gauze; 
hammer; 
chisel; 
pick; 
drill (optional); 
logbook; and 
appropriate health and safety equipment as specified in the applicable 
Health and Safety Plan. 

5.4.3 Sampling Plot Layout 

The sampling plot layout and location will be described in the Field Sampling 
Plan for each project. Care will be taken to select as smooth a surface as 
possible to  ensure that a representative sample is collected. The sample area 
will correspond to  a 100 cm2 area marked by a template. 

Permission and clearance for collecting samples will be coordinated with the 
appropriate EG&G department or the landowner for the specific area. 

Each sample location will be located within f 10 feet (as specified in procedure 
GT.17, Land Surveying) of the proposed work plan location by measuring its 
distance to  a permanent landmark using a measuring wheel, or measuring tape, 
and a Brunton compass. The sample location will be sketched on a field map. 
Sample locations will be marked with a permanent identification sign so that . 
the area may be located and resampled at a later date. 

Photography of the surrounding area and the sample location will be at the 
discretion of the field crew supervisor. If a significant feature or something out 
of the ordinary is encountered that may effect sampling and should be 
documented; then a photograph will be taken. Photography shall be 
coordinated with the RFP photography department at least one week in 
advance of the sampling event. 
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5.4.4 Collection' Procedures for Wipe Sampling I 

1. Place the 100 cm2 template over the sample location t o  outline the area 
t o  be wipe sampled. 

2, Apply the laboratory solvent (isooctane) t o  the Whatman filter paper or 
sterile gauze pad so that the paper or pad is evenly moistened. 

3. Wipe the surface of the area inside the template thoroughly with the 
moistened Whatman filter paper or precleaned gauze pad using rubber 
gloves or steel forceps t o  hold the filter paper/gauze pad. 

4. Place the filter paper/gauze pad into the appropriately marked sample jar 
as described in the FSP. 

5. Label the sample container with the appropriate sample information 
including date and time, the sampler's initials, the sample identification 
number, and sample location. 

6. Record information on the field data collection form. Handle samples 
according to procedure FO. 1 3, Containerization, Preserving, Handling, 
and Shipping of Soil and Water Samples. This documentation is a QA 
record and must go into the ERM records center. 

7. Collect a duplicate sample, in accordance with the FSP, by moving to  a 
location 6 inches to  2 feet upwind or in a direction technically more 
appropriate and placing the duplicate sample in a separate jar. The 
location of the duplicate will be documented on a data collection form. 
Decontaminate all sampling equipment using the procedures described 
in Step 6 and Section 6.0 before collecting the duplicate sample. 

8. Either use another set of clean sampling equipment or decontaminate all 
sampling equipment thoroughly using the procedures described in 
Section 6.0. A final rinse of all sampling equipment shall be conducted 
using the laboratory-provided solvent. 
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5.4.5 Procedures for Destructive Sampling of Concrete 

Because porous surfaces will absorb PCBs, wipe sampling will not be used to 
sample these surfaces. Instead, a discrete sample will be chiseled, drilled, or 
sawed from the surface to remove sufficient sample for analysis. The following 
procedures will be used for destructive sampling: 

1 .  Use a chisel, pick, or drill, to remove a surface sample measuring 1 cm 
deep. 

2. Collect enough sample to  fill an 8-ounce precleaned jar that is 
appropriately labeled as described in the FSP. 

3. Label the sample container with the appropriate sample information 
including date and time, the sampler's initials, the sample identification, 
and sample location. 

4. 

5. 

Record information on the field data collection form. Handle samples 
according t o  procedure FO. 1 3, Containerization, Preserving, Handling, 
and Shipping of Soil and Water Samples. This documentation is a QA 
record and must go into the ERM records center. 

Collect a duplicate sample, in accordance with the FSP, by moving to  a 
location 6 inches to  2 feet upwind or in a direction technically more 
appropriate and placing the duplicate sample in a separate jar. The 
location of the duplicate will be documented on a data collection form. 

6,. Either use another set of clean sampling equipment or decontaminate all 
sampling equipment thoroughly following procedure F0.3, General 
Equipment Decontamination. 

7. Repair the asphalt or concrete by filling the core hole with asphalt patch 
or premix concrete to  the same height as the surrounding surface. A 
permanent identification marker will be placed so that the area may be 
located and resampled a t  a later date if necessary. 

Due to  the difficulties in collecting a destructive sample from a concrete 
roof, swipe samples will be used to  sample PCBs in these locations. 

Procedures for personal protective equipment and general health and 
safety are described in the applicable Health and Safety Plan. 
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RECORDS 

All records for field investigations are'subject to requirements set forth in RFP 
Sitewide QAPjP. All of the forms described in this section and any additional 
records as defined in the QAPjP 17, Section 2 need to be turned over to the 
project manager within 10 days of completion. The project manager is responsible 
for transmittal of the completed records within 30 days of completion as specified 
in 3-21 000-ADM-17.01. 

H . I  Form FO.14C (Rev.O9/16/93), 
Surficial Soil Sample Form (see page 40 of this procedure), will be completed for 
each sample location and for composite samples with the northwest corner of the 
composite area for the X, Y location. The information needed includes sample 
number, date, time, location code, purpose, sample location, composite 
information, collection method, sampling team members, volume collected, 
headspace reading, if applicable, and Chain of Custody (COC) number. FWFR 
GLW Form GT.08A (Rev3), Surface Soil Sampling Field Activities Report, will be 
used for collection of samples for compositing. The form should include project 
identification, date, sampler, location, grid description and time. 

Chain-of-custody procedures for all sampling is detailed in procedure F0.13, 
Containerization, Preserving, Handling and Shipping of Soil and Water Samples. 

All photographs will be numbered, dated, labeled with the project number, site and 
sample location number; and kept in the project files. 
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7.0 REFERENCES 

The following is a list of references reviewed before writing this procedure: 

A ComDendium of Suoerfund Field Omrations Methods. EPA/540/P-87/001. 
December 1987. 

&. 
Version 1 .O "Soil Sample Collection-Surface." July 1989. 

Field Manual For Grid Samolina o f PC6 SD ill Sites to  Verifv C leanup. 
EPA/560/5-86-017. May 1986. 

Guidance for Conductina Remedial lnvestiaations and Feasibilitv Studies Under 
CERCLA. Interim Final. EPA/540/G-89/004. October 1 988. 

PCB SDill Cleanw Policy. 40 Code of Federal Regulation, Part 761, Subpart G. 

RCRA Facilitv Investhation Guidance. Interim Final. May 1989. 

~L 

Qualitv Control Plan. January 1989. 

SOP F0.3, General Equipment Decontamination; 

SOP F0.13, Containerization, Preserving, Handling, and Shipping of Soil and 
Water samples; 

SOP FO. 16, Field Radiological Measurements; 

SOP GT.l Logging Alluvial and Bedrock Material; 

SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques; and 

SOP GT.7, Logging of Test Pits and Trenches. 

The Environmental Survev Manua I. DOE/EH-0053. Volumes 1-4. August 
1987. 
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Figure GT.8-1 CDH Soil Sampling Device Critical Dirnensions~ 
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Figure GT.8-2 RF Soil Sampling Device Critical Dimensions 
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Figure GT.8-3 RF Method Soil Sampling Location Spacing 
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U.S DEPARTMENT OF ENERGY ROCKY FLATS PLANT 
SURFlClAL SOIL SAMPLE FORM 

FORM F0.14C 
Revision 16 SEP 93 

Sample Crew Member: 
Print Name 

Signature Date 

Sample Collection Form 
Project Number: Type: SS 
Sample Number: 
Contractor: 
Station Code: 
Collection Date: Quarter: Disposition: 
Colection Time: Purpose: 
Sample Location: 

Composite Desc: 
QC Type: Partner: 
Collection Method: 

Sample Team Leader: 
Member: 
Member: 

Volume Collected: Units: 

Composite: ( Y W  

Surface Soil Sample Form 

Depth of Take Start End 
in 
in 
in 
in 

Headspace Reading 
Comments 

IJ 
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2.0 PURPOSE AND SCOPE , 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to conduct soil gas field surveys or headspace measurements of organic vapors in 

environmental samples. It also provides procedures for dynamic and passive collection of soil gas 

samples to be used in identifying volatile organic compounds (VOC) present at Individual 

Hazardous Substance Sites (IHSS) on the RFP site. The requirements for application of these 

procedures to a given site will be specified in applicable project plans. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Personnel performing VOC field surveys and/or monitoring with flame ionization detector (FID) 
or photoionization detector (PID) portable vapor meters, and/or collecting soil gas samples will be 

scientists, engineers, or field technicians with appropriate field experience and training provided 

under the supervision of another qualified person. 

Only qualified personnel will be allowed to operate portable gas chromatographs (GCs) or vehicle- 

mounted GCs in mobile laboratories. Required qualifications vary depending on the activity to be 

performed. In general, qualifications will be based on education, previous experience, on-the-job 

training, and supervision by qualified personnel. The subcontractor’s project manager will document 

personnel qualifications related to this procedure in the subcontractor’s project QA files. 

1 ( 4 0 1 1 ~ ) ( G l 9 R E V . 2 ) ( W / 1 7 / 9 2 )  
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4.0 REFERENCES 
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EMD MANUAL OPERATION SOP 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

SOP F0.3, General Equipment Decontamination 

SOP FO.l.3, Containerization, Preserving, Handling, and Shipping of Soil Water 

SOP F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors 

0 

Samples 

(FIDs) 

5.0 PROCEDURES AND EQUIPMENT 

The concentration of a Volatile Organic Compound (VOC) in soil gas is a complex function of the 

distribution of the organic compound and its interaction with the soil. This interaction depends on 

a number of soil parameters including soil particle size and mineralogy, soil lithology, heterogeneity, 

organic content, moisture, and temperature. 

Volatile organic contaminants in soils above the water table (vadose zone) can be present in the gas 

phase in unsaturated pore spaces, in the water contained in the unsaturated soils, and sorbed on 

the soil particles. The VOC contamination is the sum of the VOCs contained in all three phases. 

The partitioning of the VOC between gas, liquid, and adsorbed phases is dependent on both the 

soil properties and the chemical properties of the compound. Thus, given the chemical properties 

of the VOC and measurements, or reasonable estimates, of relevant soil parameters, soil-gas data 

can be used to provide semiquantitative estimates of the VOC contamination in soils. 

The sampling and analysis of soil gas can be used as a rapid field screening technique for health 

and safety evaluations of potentially contaminated soils, to aid in the placement of monitoring wells, 

(40llaooom930)(Gl9REv2)(03/17/92) . 
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to identify VOCs, to evaluate the areal extent of soil contamination, and to estimate the 

effectiveness of remedial measures. 

The sampling and analysis of soil gas can be performed by several different methods. A field survey 

of work sites and materials can be performed using a portable organic vapor meter. The field 

survey provides information on total organic vapor concentrations in the air around the work site. 

A more detailed analysis on the location of VOC contaminated soil may be accomplished by 

performing field measurements of soil headspace samples. This technique allows the measurement 

of the total organic vapor concentration from a specific soil sample. Soil gas samples may also be 

obtained by pumping directly from a probe inserted in the ground, collecting the gas, and analydng 

it. This technique of in situ soil gas sampling allows for the identification and quantification of 

specific volatile organic compounds. 

This procedure will discuss the methods used for the following types of soil gas surveys: 

0 Field surveys 

0 Field measurements of headspace samples 

In situ soil gas sampling 0 

Dynamic 

Passive 

5.1 FIELD SURVEYS 

Field surveys of work sites, site activities, and site materials for volatile organic vapors will be 

accomplished by using direct reading instruments, such as the photoionization detector (PID) 
portable vapor meter and the flame ionization detector (FID) portable vapor meter. Field surveys 

wiil be used as rapid field screening techniques for health and safety, and for site evaluation before 

and during the excavation of potentially contaminated soil. These procedures may be used to aid 

(401 l-suroo7093o)(orPREV2)(03/17/92) 
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analysis shall occur at the beginning of each working day and, after that, continuing calibration 

verification sh-aK1se performed every eight hours or after a batch of 20 samples, whichever is more 

frequent. 

in the placement of monitoring wells, and in the evaluation of the areal extent of soil contamination. 

5.1.1 Equipment 

e Portable PID or FID 

0 Calibration gas standards of known concentration as specified in SOP F0.15, 

Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs) 

5.12 Instrument Calibration and Operation 

e 

A factor which will affect total organic vapor concentration measurements is the type of detector 

which is used (e.g., FID vs. PID). Generally, the FID will be most appropriate for aliphatic 

hydrocarbons and certain oxygenated solvents while the PID will be more sensitive to aromatic and 

halogenated hydrocarbons. PID lamps of different ionization energies will respond with varying 

degrees of sensitivity to the same gases, and are sigdkantly affected by high humidity. Generally, 

the FID response is proportional to the number of carbon-hydrogen bonds, and can, therefore, be 

used to estimate concentrations of total hydrocarbons. 

5.13 Survey Procedures 

The following procedures will be used to measure compounds tdectable by PIDs and/or FIDs 

performing field surveys: 
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1. Check the battery charge. Batteries should be recharged for the time frame 

specified in the operating manuals for both the PID and FID instruments. Usual 

length of operating time between charges is 8 to 12 hours. 

2. FID fuel and/or combustion air-supply gauges should be monitored to ensure 4 

sufficient gas supplies. 

3. Hold instrument probe close to the area to be sampled. The low flow sampling 

rate of the instrument provides only l o d i e d  readings. Use a slow, sweeping 

motion to prevent the bypassing of variable concentration areas, and to allow for 

instrument response lag time. 

4. Record observations, PID and/or FID measurements, source location, and 

description, date, time, weather, sample ID, operator, and other pertinent 

, information in the field book. Perform routine maintenance, as described in detail 

in the operating manual. Clean the sample probe and/or in-line filters (in front I 
of detector) when high background readings are exhibited after prolonged use. 

Use of pipe cleaners or clean air blown backward through filters is normally 

adequate. Do not use organic solvents. 

5 2  FIELD MEASUREMENTS OF HEADSPACE SAMPLES 

The field analysis of soils for organic vapors can be enhanced by obtaining a sample of 

contaminated soil, placing the soil sample in a confined space, and allowing volatization of organic 

compounds, followed by collection of a sample of the air space above the soil sample. This is 

referred to as headspace &alysis, and is accomplished by half-filling a sample container with a soil 

sample to be analyzed. VOCs present in the soil pores will diffuse into the remaining unfiied air 

space within the container at approximately the same concentration as in the soil sample. Physical 

(401 laoomo930)(G'DREv2)(K4/17/92) 
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52.1 

characteristics of the soil (e.g., temperature, grain size, moisture content, orga.+c carbon content) 

may have a significant effect on the headspace analysis results, and, therefore, estimates of these 

parameters should be recorded at the time the measurement is taken. If a PID or FTD is used for 

the headspace analysis, record the results on the appropriate forms, Form GT9A or GT.9B. 

Headspace analyses are useful in that they can provide real-time data to aid in soil removal 

operations, where decisions regarding the extent of soil excavation and its disposal must be 

determined on-site. In addition, headspace analyses of soils encountered during investigations can 

be screened for health and safety purposes. 

Equipment 

a Portable PID or FID 

a Calibration gas standards of known concentration as specified in SOP F O S ,  

Split-spoon sampler, hand auger, or other soil sampling apparatus 

Wide-mouth sample jars with screw-cap lids 

Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs) 

e 

e 

e Aluminum foil 

Instrument Calibration and Operation 

See SOP F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs), for 

instrument operational and calibration requirements. Calibration of instruments involved in soil gas 

analysis shall occur at the beginning of each working day and, after that., continuing calibration 

verification shall be performed every eight hours or after a batch of u) samples, whichever is more 

frequent 

A factor which will affect total organic vapor concentration measurements is the type of detector 

which is used (e-g., FID vs. PID); see Subsection 5.12 for discussion. 
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523 Sampling Procedure 

The following procedure will be used to measure those compounds present in the container 

headspace detectable by a FID/PID: 

, 

1. Collect soil sample using a split-spoon sampler, h q d  auger, or other apparatus 

which will yield a soil core or intact sample. Be careful not to disturb the sample 

soil during sampling since doing so may release VOCs that are present. Half fill 
a wide-mouthed sample jar with the soil sample. Cover the container opening 

with aluminum foil and screw the jar lid down tightly. Granular soils should be 

broken apart by shaking the jar. Cohesive soils should be broken by crushing the 

sample as it is placed in the jar, and quickly covering. 

2. Let the sample sit for 1 hour at ambient temperature before taking a reading. If 

the sample is collected during cold weather when ambient temperatures are below 

Z"C, or if more immediate results are desired, the volatization process should be 

accelerated by placing the container into a warm environment, such as near a 

vehicle's air heater or in a warm-water (70" F) bath for approximately 30 minutes. 

3. Following the warming period, remove the jar lid and insert the probe of the FID 
or PID through the foil cap (by making a hole in the foil just large enough to 

accept the probe), and take a reading. 

(401 I ~ ) ( m P I l E V 2 ) ( 0 3 / 1 7 / 9 2 )  
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53 IN SITU SOIL GAS SAMPLING 

In situ soil gas sampling is performed by pulling air samples with a vacuum pump directly through 

a hollow probe in the ground. Analysis of samples can be accomplished by multiple methods. This 
technique allows for the identification and quantification of specific volatile organic compounds. 

In situ soil gas samples can be collected by dynamic or passive methods. Dynamic soil gas sampling 

involves extracting a volume of soil gas from the ground and analyzing the sample. A hollow steel 

rod is driven into the ground, and the soil gas sample is withdrayn with a vacuum extraction pump. 

The major advantages of dynamic soil gas testing are rapid data availability and the ability to 

distinguish between soil and groundwater contamination sources by vertical soil gas profiling. 

Passive soil gas sampling generally involves implanting adsorption devices in the shallow surface soil 

and allowing them to adsorb VOC vapors from the soil for a period of days or weeks. After 

exposure, the devices are dug out and sent to a laboratory for analysis. This sampling methodology 

is probably the least expensive, but requires a considerable amount of time, and is less versatile than 

dynamic sampling methods. 

Pertinent site-specific and compound-specific factors which influence the collection and 

interpretation of soil gas are required to be identified and evaluated in order to develop a 

comprehensive sampling program. 

Sampling along an established grid is recommended at sites where the source(s) or general 

orientation of a subsurface plume are unknown. Where data are available which identify the source 

areas or plume characteristics, delineation of contaminant edges is most effectively achieved by 

establishing a transect parallel to the direction of groundwater flow and sampling outward from the 

suspected source. Soil gas probes should not be located less than 50 feet apart because the 

resolution of most soil gas detection techniques can be exceeded. 

(401 I ~ ) ( c T s R E v 2 ) ( 0 3 / 1 7 / 9 2 )  
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In order to effectively design the soil gas surveys and interpret the results, the subsurface transport 

and fate of VOCs should be considered. These factors can have a si&icant effect on the presence 

and concentration of VOCs in the soil atmosphere. Both physical and microbiological processes 

can influence soil gas investigations. 

Partitioning of the contaminant between gaseous and aqueous phases is the physical process which 

permits contaminants mixed with water below the surface to be detected in soil gas. The air-water 

partitioning coefficient can be dependent on both the vapor pressure and aqueous solubility of a 

compound. Generally, low molecular weight organic compounds @e., hydrocarbons, halogenated 

hydrocarbons, ketones) are most readily detected in soil gas. Compounds possessing vapor pressures 

less than 1 mm Hg at 25°C will probably not be detected in soil gas. Vapor pressures provide an 

estimate of the diffusion coefficient and, thus, the "mobiiiv of the compound in the gas phase. 

Soil gas analyses are highly quantitative and specific for individual compounds, but the extrapolation 

to groundwater contaminant concentrations are not quantitative. Soil gas measurements usually 

represent an indirect measure of the parameter of interest (e.g., groundwater plumes, extractable 

hydrocarbon concentrations in soil, sources of subsurface leaks). Variables such as geology, soil 

moisture content, and the air/water partitioning coefficient of the particular contaminant all affect 

the relationship between soil gas concentrations and groundwater contaminant concentrations. 

Water, either in the vadose zone (Le., a very wet clay or a perched water zone) or in the saturated 

zone (a contaminated zone below clean water), is the major impediment to vapor movement. Soil 
gas techniques are relatively ineffective for confined aquifers or soils overlain by strata that are 

impermeable to gas diffusion. 1 

I 53.1 Dynamic Sampling 

Dynamic soil gas sampling investigations can be performed using either hand-driven or 

mechanically-driven probes and relatively inexpensive field instruments or sophisticated laboratory 

I (401 l ~ ) ( ( ; r P R K V . 2 ) ( 0 3 / 1 7 / 9 2 )  
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the modified EPA Method 502.2 is presented in Appendix GT.9A as a reference. For the 
soil gas survey in OUs 8, 10, 12, 13, and 14, the procedure for sampling of soil gas and on- 
site volatile organic compounds analysis by the modified EPA Method 524.2 is presented 
in Appendix GT.9B as a reference. 

Category 2 

equipment. These techniques require the installation of a probe or soil boring in the 
vadose zone of a soil followed by withdrawal of the soil gas by a vacuum pump. Soil gas 
samples may be collected in gas sample bags, syringes, or on adsorption media. Samples 
collected in gas sample bags or on adsorption media must be analyzed at a nearby or on- 
site laboratory due to short sample holding times. Syringe samples must be analyzed on 
location immediately after collection. 

Dynamic or grab sampling techniques require the installation of a probe in the vadose zone 
of a soil followed by withdrawal of the soil gas by a vacuum extraction pump. The probes 
are usually constructed of 1/4 to 1 inch diameter steel pipe and are equipped with 
perforations near the tip, or with a detachable drive point. Soil gas probes must be cleaned 
with steam or hot water and soap before use (see SOP F0.3, General Equipment 

; Decontamination). A sufficient number of interchangeable sampling components should 
be available so that decontamination does not need to be performed in the field. 

Multiple soil gas sampling intervals may be sampled at one location in order to identify 
contaminant profiles. The soil gas sampling can also be performed in augured boreholes 
or through the center of hollow-stem augers by driving the probe at least 2 feet deeper than 
the augured depth. 

Reauired EauiDment and Amaratus 

0 Soil gas probe(s), tips (if needed), and drive pipe(s) 
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Procedures 

1. 

2. 

3. 

A manual or powered probe driver that is able to drive the probe into the ground 

and remove the probe after a sample is taken 

Vacuum pump with gauge to extract soil gas 

Hammer drill capable of drilling through asphalt and concrete (if required) 

Power source for hammer drill, power probe driver, and vacuum pump 

Adaptor for soil gas probe with appropriate valves and tubing 

Clear the area to be sampled for utilities, cables, pipes, etc. Clear the surface area 

to be sampled of grass, leaves, and debris. 

Using a manual or mechanical driver, drive a cleaned/decontaminated probe with 

drive pipe(s), as needed, into the ground to the desired depth (minimum is usually 

3 feet). Probes placed in augured boreholes should be driven at least 2 feet 

deeper than the augured depth. If refusal occurs significantly before the sampling 

depth is reached, remove the probe. Clear another sampling point within 1 foot 

of the first point and drive a clean probe again. If refusal occurs, eliminate the 

area within 10 square feet as a sampling point. 

Once the sampling depth is reached, an entry on the Soil Gas Survey Form (Form 

GT9D) and the Soil Gas Survey Map (Form GT9C) will be made denoting the 

depth, time, and location of the sample. The probe will then be lifted 1-2 inches 

to expose the air sampling slots in the drive point. 

(401 I ~ ) ( G ’ l 9 R E V 2 ) ( U 3 / 1 7 / 9 2 )  
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4. Attach the adaptor with tubing and stainless steel sampling manifold to the top'of 

the probe/driving pipes. 

5. Connect adaptor tubing to the vacuum gauge on the low-pressure side of the 

vacuum pump. An in-line liquids trap, programmable mass flow controller 

equipped with a solenoid valve and timer are very useful additions, but are not 

required. 

6.  Run the vacuum pump before sample collection to purge the system and displace 

the ambient air in the soil gas prove, drive pipe(s), and tubing. 

7. Purge the probe and silicone rubber tube connecting system. The vacuum gauge 

installed on the low-pressure side of the vacuum pump will be used to evaluate 

whether a representative soil gas sample can be withdrawn from the subsurface. 

Generally, if the applied vacuum exceeds 12 inches of mercury, the soil is either 

water saturated or does not have a sufficient air-filled porosity to produce a 

meaningful sample. 

a. Collect samples from the tubing/manifold on the low-pressure side of the vacuum 

Pump. 

9. Record time vacuum pump is operated before sample collection, ,and pressure . 

reading (vacuum gauge) of gas in the soil gas probe line, at the time of sampling. 

10. The drive pipe(s) and soil probe will be removed at each location after the soil gas 

has been analyzed. The hole will be backfilled (if necessary) with a native soil or 

a soil/bentonite mixture to avoid creating a migration pathway. After the removal 

of the soil probe, the distance between the sampling location and a known point 
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will be measured and recorded on the soil gas survey map (Form GT9C) and a 

flag left at the sampling location for subsequent surveying. 

53.12 SamDlinp for Total OrPanic VaDor Analvsis 

In the simplest sampling/analysis technique, an organic vapor monitor such as a PID or FID is 
used. A piece of tubing of appropriate length is attached to the probe adaptor manifold and the 

PID/FID. A direct reading of the soil vapor gas total organic concentration may then be made 

after the PID or FID instrument has pumped sufficiently for the gas sample to reach the detector. 

Reauired EauiDment and ADDaratus 

b Field analytical instrument capable of detecting total organic vapors such as a 

flame ionization detector (FID) or photoionization detector (PID) 

b Accessory tubing between instrument and manifold (maximum length 12 inches) 

Collection and Analvsis Procedures 

1. After purging the system, attach sampling tube from the instrument to the 

manifold valve port and open the manifold valve. 

2. Allow the instrument to pump for a sufficient length of time to displace the 

ambient air in the sampling tube and instrument before taking a reading. 

I (401 l ~ ) ( c l P R E V 2 ) ( @ 3 / 1 7 / 9 2 )  
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P5.3.1.3 S a m p p  

Sampling/analysis of grab samples may also be accomplished by pumping the soil gas from 
the probe and collecting the gas in a Tedlar bag. Alternatively, the soil gas may be pumped 
through a charcoal or Tenax trap. The VOCs in the soil gas are adsorbed onto the charcoal 
or Tenax. These samples must then be analyzed at an on-site laboratory since the holding . 
times for these collection methods are short (1 to 8 hours). Analytical methods typically 
include the use of gas chromatography (GC) and/or mass spectrometry (MS). 

Specific analytical methods and calibration procedures, standards concentrations, detectors, 
temperature programs, etc. are dependent on the method of analysis and analytes of 
interest. Specific analytical methods and procedures will be detailed in applicable project 
work plans. For the soil gas surveys in OUs 8, 10, 12, 13, and 14, the procedures for 
sampling of soil gas and on-site volatile organic compounds analysis by the modified EPA 
Method 524.2 is presented in Appendix GT.9B as a reference. 

Reauired EauiDment and Apparatus 

0 Gas collection bags such as Tedlar, carbon sorption, or Tenax sample tubes 
with accessory tubing (if required) 

0 Low-flow air sampling pumps, such as Gillian (if required) 

0 Adapter for the soil gas probe with appropriate tubing 

0 Vacuum pump to extract soil gas 

Collection and Analvsis Procedures 

1 .  Run the vacuum pump to purge the system and displace the ambient air in the 
soil gas probe, drive pipe(s), and tubing. Attach a Tedlar bag and unclamp 
the flexible 
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tubing, collecting the gas sample in the bag. The bag Will then be disconnected, 

sealed, and transported to the laboratory for analysis. 

2. To collect a sample by adsorption, insert a Tenax trap or other sampler into the 

sample chamber and attach it to the manifold after the probe and adaptor system 

have been purged. Divert soil gas flow through the sample chamber. Record flow 

pressure, elapsed time, and volume of flow, if mass flow controller is used. 

53.1.4 SamDle Collection for Field Gas ChromatopraDhic Analvsis 

An alternative grab sampling technique requires soil gas to be pumped through the soil probe, 

collected with a syringe, and immediately injected into a field gas chromatograph or a gas 

chromatograph located near the sampling site. This method allows for real-time results, and is 

particularly useful. 

Specific analytical method calibration procedures, standards concentrations, detectors, temperature 

programs, etc. are dependent on the method of analysis and analytes of interest. S'pecifc analytical 

methods and procedures will be detailed in applicable project work plans. 

Reauired EauiDment and ADDaratus 

e Mobile or. field gas chromatograph (GC) and associated support equipment 

required to properly operate the GC 

e A power source and an enclosed area for the GC 

e Appropriate calibration gas standards for the GC and all associated equipment 

needed to perform the calibration 

(401 193WXWBO)(GX'REVZ)(U3/17/92) 
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Sample container(s) with septum(s) 

Collection and Analysis Procedures 

1. Collect the soil gas sample with a glass syringe by inserting the syringe into the 

extraction line near the top of the soil gas pump, on the intake side of the pump 

(see Figure GT.9-1). 

532 Passive Sampling 

While other passive techniques may be available, this procedure is directed toward the use of Petrex 

tubes as the representative technique since their utility has been demonstrated in past studies at 

RF". The Petrex passive sampling technique is a direct method for trapping and identlfylng VOCs 

emanating from either soil (vadose zone) or groundwater contaminated locations. The collector 

consists of highly sensitive sorbents (such as activated charcoal) chemically fused to the tip of a wire. 

The collectors are arrayed, generally in a grid pattern, throughout the survey site, normally at a 

depth of approximately 1 foot (see Figure GT.9-2). The collectors reside for a measured period, 

which can range up to 30 days, to assure time-integrative gas collection (as opposed to instantaneous 

collection with grab samples). The collectors are retrieved following the time-integrative collection 

period, and are then sent to a laboratory for analysis by mass spectrometry. 

The most critical aspect of collector placement is to prevent exposing the collector to contaminants 

other than those in the soil gas. Smoking around the collectors, even when sealed, may contaminate 

them. Hands must be kept free of organics, including insect repellent, sunblock, gasoline, motor 

oil, cosmetics, smoke residues, etc. The lip and inside of the tubes, caps, and cap liner must not 

contact any contaminants. The tubes must be stored in a clean area away from contaminants. They 

must not be stored near gasoline cans, oily rags, etc., or in areas where exhaust fumes or cigarette 

smoke is present. 
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FIGURE GT.9- 1 
SOIL GAS SAMPLING PROBE AND ADAPTOR 

10 CC Glass Syringe 
1 Connection to Vacuum Pump 
L Silicone Rubber Tube 

I 1/4 inch Tubing 

Adaptor For Sampling 
Soil-Gas Probe 

Hose 

Clear Tubing Sleeve 
Connector (Disposable) 

Soil-Gas Flow t- During Sampling 

1 u-) 3/4 inch Galvanized Pipe 

5-7 Feet 

5 Detachable Drive Point 
;I 
H 

Taken from Manin and Thompson, 1987 
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FIGURE GT.9-2 
PETREX PASSIVE SAMPLING COLLECTOR 

M4 
Surface 

NOT TO SCALE 
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.532.1 Reauired EauiDment 

b Hand auger, slide hammer, shelby tube, etc. or some other hole maker 

0 Pe trex tubes 

532.2 Installation and Collection Procedures 

1. 

2. 

3. 

4. 

5. 

Clear the surface area to be sampled for shallow utilities, cables, pipes, etc. Clear 

the area to be sampled of grass, leaves, or debris; be careful not to walk or drive 

over the area. 

Using a cleaned/decontaminated tool, make a hole into the ground to the desired 

depth (usually 10-12 inches). If refusal occurs significantly before the sampling 

depth is reached, remove and clean the tool. Clear another sampling point within 

1 foot of the first point and insert the hole maker again. If refusal occurs, 

eliminate the area within 10 square feet as a sampling point. 

Dig a sample location 10-12 inches deep and approximately 2-4 inches in diameter. 

Do contaminate the soil. 

Unwrap a Petrex sampling tube and remove the cap and black seal liner. 

Immediately place the sampler (vertically with open end down) into the sample 

location hole. The sampler tube must be at least 2 inches below ground surface. 

Immediately cover the sampler with soil (see Figure GT.9-2). 

If the black liner has come out of the cap, replace it and return the cap to one of 

the clean plastic bags provided. 

(401 l ~ ) ( c ; r P R E V 2 ) ( 0 3 / 1 7 / 9 2 )  
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EMD MANUAL OPERATION SOP 

6.  Mark the sample location with flagging or other type of locator. Note the sample 

location on a base map and enter information on Form GT9C, and in a field 

notebook. 

7. Retrieving samples - (should be done at recommended time intervals). 

Remove the soil until the tube is exposed. 

Take the cap from sealed plastic bag. Check for the black liner 

inside the cap. If the liner has fallen out, replace it. 

Remove the tube from the hole. If the wire falls out of the tube 

or if the tube is broken, use tweezers to handle the wires. 

Wipe off the tube and threads thoroughly with a clean, dry cloth. 

If the tube threads and lip are not properly cleaned, the cap will 

not seal and the sample will become contaminated. 

Seal the tube with a cap making sure the black liner is seated to 

the tube lip. If the cap does not thread easily, use a different 

cap. Cap must be sealed tightly against liner. 

Place a sticker on the cap top and number it. Number 

sequentially starting with 1. Use only numbers to identify 

samples. Use only one number per tube. Underline all numbers 
for easy identification. Do not duplicate cap numbers. The 

Petrex tube distributor, Northeast Research Institute, Inc. 
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(NERI), will number all second and third wire tubes 

appropriately. 

g) Record the number or numbers of the sampler corresponding to 

the location on the base map and field notebook. Also, record 

in field notes any samples which have more than one wire per 

tube. 

h) Do not place tape, sticker, or glue on the glass tube. Stickers 

provided will adhere if placed on a dry cap. 

8. When packaging exposed tubes, do not use Styrofoam or popcorn packing =.this 

can potentially introduce a contaminant. Enclose tubes in two plastic bags and 

wrap each package tightly with bubble wrap. Complete NERI-WEST Submittal 

Forms, provided by NERI, to be shipped with samples. Samples are to be placed 

in sealed containers. Packaging, labeling, and preparation procedures for shipment 

are specified in SOP F0.13, Containerization, Preserving, Handling, and Shipping 

of Soil and Water Samples. 

6.0 QUALITY ASSURANCE/QUALITY CONTROL 

Quality Assurance (QA) and Quality Control (QC) activities will be accomplished according to the 

Quality Assurance Project Plan (QAPjP) and the project-specific Quality Assurance Addendum 

(QW. 

In addition to adhering to the requirements of the site-specific Field Sampling Plan (FSP) and any 

supplementary site-specific procedures, the minimum QA/QC requirements for this sampling 

activity are the following: 
\ 
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0 QC Samples -- The number and types of QC samples including duplicate samples, , 

field blanks, equipment blanks, and trip blanks will be collected or prepared as, 

specified in the QAA. 

0 Vefication -- Verification activities are required for the above practices, including 

surveillance and periodic record audits. These activities will be documented and 

become part of the completed project records. 

QA/QC SAMPLES FOR FIELD GC ANALYSIS 

Frequency of calibration, method blanks, replicates, etc. are dependent upon project Data Quality 

Objectives (DQOs), and must be addressed in the project-specific Quality Assurance Addendum 

(QAA). Calibration of instruments involved in soil gas analysis shall occur at the beginning of each 

working day and, after that, continuing calibration verification shall be performed every eight hours 

or after a batch of 20 samples, whichever is more frequent. Soil gas analysis should address an 

adequate level of precision. Soil gas precision values for analysis of duplicate samples can exceed 

a relative percent difference of 40 percent. Relative percent difference values for duplicate samples 

will be within the 40% range unless stated otherwise in the project specific work plan. 

DOCUMENTATION 

For each soil gas location, a permanent record of the implementation of this SOP will be kept by 

documenting field observations and data. Observations and data will be recorded with black 

waterproof (permanent) ink on the attached forms; the Photoionization Detector Field Data Form 

(Form GTgA), the Flame Ionization Field Data Form (Form GTgB), the Soil Gas Survey Map 

(Form GTgC), and the Soil Gas Survey Form (Form GT.9D). Observations may also be 

documented in a bound weatherproof field notebook with consecutively numbered pages. This 

information will include the following: 
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0 Sampler’s name (form) 

0 Date and time of sample collection 

-. . 
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Sampling identification (form) 

Weather conditions (notebook) 

Sampling depth (form) 

Driving characteristics of the soil probe (notebook) 

Description of the surface features (drainage, facilities, etc.), soils, any 

contamination noted, and trenches or any other feature that may impact the soil 

gas measurement (notebook) 

Vacuum pressure when extracting a sample (form) 

Type of sample (gas, liquid, or mixed) (form) 

Compounds and concentration of the organics measured on the GC and any 

replicate or blank analysis performed (form) 

All calibrations performed (form) 

Any unusual responses of the instrument (form) 

Length of time the vacuum was applied to the sample probe before a sample was 

taken (notebook) 

Estimated concentration and recorded retention time of all chromatographic 

peaks, including those that represent unknown compounds (GC chromatographs) 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT9A (REV. 2) 

Sasle Observed Reading (mml  
DH HS EZ D OT 

Dt$iyft) 

PHOTOIONIZATION DETECTOR FIELD DATA FORM 

Comments 

PHOTOIONIZATION DETECTOR FIELD DATA 

Facility Code Log Date 

Location ID Location Type 

Logger Code Field Rep 

Photoionization Detector Instrument: Serial No. 

Manufacturer Model 

Date/Time Calibrated Acceptance Code 

Location Types: 
BH - Borehole 
TP - Test Pit 
SS - Soil Samule 

SB - Sample Bottle 
SL - Surface Location 
WL - Well 
OT - Other 

CALIBRATION GASES: 

TYPE/CYLINDER NO. I CONCENTRATION (PPM) /SPAN 

Observed Reading: 
DH - Downhole 
HS - Headspace D - During Drilling 

BZ - Breathing Zone 

OT - Other 

2 1 2  

Comments: 

Time 
(HH:MM) 

Completed By: 
Print Name Signature Dale 

Subcontractor: 

(401 1-9M-wmsM)(GT9REV.Z)(U3/ 19/92) 



US. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT9B (REV. 2) 

FLAME IONIZATION DETECTOR FIELD DATA FORM 

Location Types: 
BH - Borehole 
TP - Test Pit 
SS - Soil Sample 

SB - Sample Bottle 
SL - Surface Location 
WL - Well 
OT - Other 

FLAME IONIZATION DETECTOR FIELD DATA 

Observed Reading: 
DH - Downhole BZ - Breathing Zone 
HS - Headspace D - During Drilling 

OT - Other 

Facility Code Log Date 

Location ID Location Type 

Logger Code Field Rep 

Flame Ionization Detector Instrument: Serial No. 

Manufacturer 

Date/Time Calibrated 

Model 

Acceptance Code 

2 1.2 

Completed By: 
Pnnt Name SlgnnIW Due 

Subcontractor: 

(401 1 - ~ 9 3 O ) ( G I 9 R W 2 ) ( 0 3 /  19/92) 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT9C (REV. 2) 

SOIL GAS SURVEY MAP 
~~~~ ~ 

OU No: IHSS No: Date: 

Sample Team Members: 

GRID BLOCK 

3 

2 

4 

~~ ~ 

Coordinates: 1 2 

3 4 

5 6 

7 8 

Signotum Date 
Completed By: 

Print Name 

Subcontractor: 

I (401 l-sM-oo70mo)(GT9REV.2)(03/ 19/92) 



a, 

Number 

U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.9D (REV. 2) 

Model Number Serial Number Calibration Factor Background (ppm) 

SOIL GAS SURVEY FORM 

I1 Survey Instrument Data 

I Technician: Date: 

SURVEY DATA 

t I I I I I I 

I I I 1 I I 

Completed By: 

Subcontractor: 

Pnnl Name SlgnalUrC Date 

(401 1-sMoo70-~)(C~REv3)(~/19/92)  
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VOLATILE O R G A N I C  ANALYSES SAMPLING AND IN SOIL GAS,  

SOILS, WATER, AND ATMOSPHERE BY MODIFIED €PA 502.2 

HYDRO GEO CHEM, INC. 

INTRODUCTION 

On site analysis of volatile organic compounds VOC's  is increasingly 

import'ant to environmental assessments. The ability to perform Teal -time 

chemical analysis during investigations of potentially contaminated soils, 

water, and air allows field decisions to be made regarding the depth and 

areal extent o f  the investigation. 

The applications of on-site VOC analysis include soil analysis for 

evaluation of subsurface spills and leaking tanks; atmospheric analysis for' 

evaluation o f  VOC emissions from landfills, contaminated soils, and 

industrial facilities; water analysis for identification and definition of 

the verticz.1 and areal extent o f  groundwater VOC plumes; and soil gas 

surveys, the sampling and analysis of V O C ' s  in the soil atmosphere in order 

to determine the vertical and areal distribution o f  V O C ' s  in site soils. 

Because VOC's are readily transported in soils by diffusive and 

advective processes, soil gas surveys have proved to be a powerful technique 

to determine whether spills have taken place on the site, to locate these 

spills, and, if subsurface conditions are favorable, to find and delineate 

groundwater VOC plumes by the presence o f  VOC's  in overlying soils. 

Soil Gas Q A  
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The analytical  requirements for real-t ime mobile-laboratory analysis are  

d i f f e ren t  than the conventional VOC analyses prescribed by €PA protocols.  

The laboratory productivity,  t h a t  i s ,  the  number of analyses required per 

u n i t  time, must be much g rea t e r  f o r  the mobile f a c i l i t y .  Otherwise, the  

value of using the data  t o  modify the inves t iga t ion  i s  diminished. 

Despite the need f o r  g rea t e r  product ivi ty ,  t he  o ther  analyt ical  

requitements fo r  detection l i m i t s ,  var ie ty  of ana ly tes ,  and freedom from 

laboratory contamination a re  i f  anything, more s t r ingen t  than those of fixed 

laboratory f a c i l i t i e s .  

Summary of Method 

The following sampling and ana ly t ica l  protocol h a s  been adapted by Hydro 

Geo Chem t o  meet these s t r ingent  requirements of  on - s i t e  VOC analysis .  

I n  summary, the  analyt ical  method cons i s t s  of  the recent ly  approved EPA 

502.2 protocol .  Table 1 l i s t s  the compounds can be analyzed u s i n g  €PA 

502.2 pro tocol .  We have modified t h i s  protocol t o  allow g r e a t e r  throughput 

and t o  minimize the  potent ia l  f o r  laboratory contamination. These 

modifications include temperature programming and flow changes t o  reduce 

i analyt ical  time, the  use of  gas r a t h e r  than water-solut ion s tandards,  
I purging of  VOC bot t les  d i r e c t l y  r a t h e r  t h a n  using a conventional water 

purging apparatus ( t h i s  technique has recent ly  been independently devel oped 

and used in EPA Region 5 RI/FS s t u d i e s ) ,  dynamic s t r ipp ing  r a t h e r  than 

Soil Gas QA 
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T a b l e  1.  Compounds Detectable by tiall/PID A n a l y s i s  

Benzene 
Bromobenzene 
Bromochl oromethane 
Bromodichloromethane 
Bromoform 
Bromome thane 
n- Bu tyl benzene 
sec-Butyl benzene 
tert-Butylbenzene 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
2-Chlorotol uene 
4 -Chl orotol uene 
Dibrornochloromethane 
1,2-Dibromo-3-chloropropane 
1,2-Dibrornocthane 
Dibromomethane 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Di chl orobenzene 
Dichlorodifluoromethane 
1,l-Dichloroethane 
1,2-Oichloroethane 
1,l-Dichloroethene 
cis-1 ,Z-Dichl oroethene 

Soil Gas Q A  
Ilvdro C m  C l m .  Inr: 

trans-1,2-Dichloroethene 
1,2-Dichloropropane 

' 1,3-Dichloropropane 
2,Z-Di chl oropropane 
1,1  -Dichl oropropene 
Ethyl benzene 
Hexachlorobutadiene 
Isopropylbenzene 
p-Isopropyl to1 uene 
Methylene chloride 
Naphthalene 
n-Propylbenzene 
Styrene 
l,l,l,Z-Tetrachloroethane 
l,l,Z,Z-Tetrachloroethane 
Tet rachl oroethene 
To1 uene 
1,2,3-Trichlorobenzene 
1,2,4-Trichlorobenzene 
l,l,l-Trichloroethane 
1,1,Z-Trichloroethane 
Trichloroethene 
Tri chl orofl uorome thane 
1,2 , 3 - T r i  chl oropropane 
1,2,4-Tri~nethyl~benzene 
1,3,5-Trimethylbenzene 
Vinyl chloride 
o-Xylene . 

m-Xyl ene 
p-Xyl ene 

3 



so lven t  e x t r a c t i o n  o f  s o i l s ,  and s p l i t t i n g  o f  the sample i n j e c t i o n  stream 

t o  al low simultaneous a n a l y s i s  on a s e p a r a t e  gas  chromatograph o f  o the r  

compounds n o t  analyzed by the 502.2 p ro toco l .  

The sampling methods included i n  t h e  pro tocol  have been designed t o  

a l low a c c u r a t e ,  Contaminat ion- f ree  sampling o f  s o i l s ,  wa te r ,  atmcsphere,  and 

s o i l  gas .  These methods o f f e r  a d e t e c t i o n  l imi t  o f  0.1 pg/kg ( s o i l ) , , O . O l  

pg/1 (50i’l gas  o r  w a t e r ) ,  0.001 pg/l (atmosphere) f o r  any compounds l i s t e d  

i n  Table 1 .  Addi t iona l ,  s imul taneous  a n a l y s i s  i s  provided f o r  t o t a l  

petroleum hydrocarbons,  methane, and t o t a l  c h l o r i n a t e d  hydrocarbons.  The 

fol lowing s e c t i o n s  document t h e  m a t e r i a l s ,  a p p a r a t u s ,  and procedures  used. 

4 
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1. SAMPLIIIG 

1.1 Scope and Application 

This section covers the materials, equipment and procedures utilized by 

Hydro Geo Chem, Inc. for collecting soil gas, atmospheric, soil, and shallow 
groundwater samples in the field. 

1.2 Sampling Equipment 

1.2.1 Sampl i ng' Probes 

Sampling probes are 7 f o o t  sections o f  1" galvanized pipe or 1" 

hardened steel drill pipe with Acme threads. The points are 
machined, high carbon steel and are left behind when the pipe is 
hydraulically pulled back to expose the formation to pumping. 
Figure 1 shows our probe design. The probes are driven to the 
sampling depth using one of two drive point rigs. Both rigs are 
mounted on 1988, ford F-450 flat-bed duallys. One rig uses a 
hydraulically-activated 235 lb hammer with a 3 foot, free-fall 
displacement. The other rig uses a mounted hydraulic 250 ft/lb, 
1,000 blow/min driver. Both rigs are capable of driving sampling 
pipe t o  a depth in excess of  35 feet under normal driving 
conditions. Each drive point rig is equipped with hydraulic out 
riggers, pipe racks and steam cleaner. The probes are removed 
using a hydraulically activated pulling dog. 
worn during handling and assembling o f  the sampling apparatus. 

Latex gloves are 

1.2.2 Sampl i ng Adaptors 

Soil gas samples are collected from the probes via adaptors 
constructed of stainless steel pipe caps brazed to stainless steel 
tubing connected t o  an inline stainless steel bellows valve. 

Sail Gas QA 
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- TO GAS COLLECTION S Y S T E M  

STAINLESS STEEL AOAPTER 
(SEALEO WlTH TEFLON TAPE) 

- GAS FLOW OURING 
SAMPLING 

1 - inch  SCHEDULE 80 PIPE 

d 

2T OETACHASLE ORIVE POINT 

SOIL GAS 
SAMPLING PROBE 

Figure 1 



1.2.3 Sampl e Hol ders 

When sampling i s  performed, t h i s  valve, i s  conne'cted t o  a s t a i n l e s s  

s t e e l  sample holder containing a g l a s s  c a r t r i d g e  (Supelco) f i l l e d  

with a th ree  l a y e r  packing o f  various types of adsorptive 

hydrophobic carbon (see  Figure 2 ) .  The s o i l  gas i s  passed through 

. these  l a y e r s ,  the f i r s t ,  Carbotrap, absorbing "heavy" v o l a t i l e s  

such as  dichlorobenzene, t h e  second, Carbopack 6, the l i g h t e r  

v o l a t i l e s  such a s  TCE and OCE,  and the t h i r d ,  Carbosieve 111, the 

u l t r a 1  igh ts  such methylene c h l o r i d e  o r  vinyl ch lor ide .  Because 

the most mobile cons t i tuent ,  vinyl c h l o r i d e ,  has a breakthrough 

volume of  158 l i t e r s ,  these  c a r t r i d g e s  a r e  r a t e d  t o  absorb a t  

l e a s t  158 l i t e r s  of s o i l  gas  o r  atmospheric gas before 

breakthrough o f  any of the p r i o r i t y  p o l l u t a n t s  l i s t e d  in EPA 

method 601, 602, o r  624. Table 2 shows some breakthrough volumes 

f o r  the types of  carbon sorbents  making u p  the adsorbtion the 

car t r idge .  T h u s  the sampling capac i ty  of th i s  technique f a r  

exceeds t h a t  o f  syringe c o l l e c t i o n .  The high capaci ty  i s  

necessary t o  meet typical  c l i e n t  s p e c i f i c a t i o n s .  

1.2.4 The water sampling t r a i n  i s  constructed e n t i r e l y  o f  s t a i n l e s s  

steel consis t ing of  a 1 foot. l ength  of 3/4" well screen and seven 

f o o t  lengths  o f  1/4 s t a i n l e s s  steel tubing. 

(070 Soil Gas CJA 
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SAMPLE C O L L E C T I O N  

SAMPLE 
TYPE 

WATER PURGE 

S A M P L E  TRAPPING 

-. . 

TIMER 
C ALlf3 dh T ED 
F L O W  METER 

Figure 2 

PUMP 

i 
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Table 2 

Breakthrouqh Volumes (in Liters) for US €PA TO-1 Hydrocarbons 
on the Carbosieve" S-III/Carbopack B/Carbotrap C Thermal Desorption Tube 

Hydro car bo n 

Vinyl Chloride 
Chloroform 
1,2-Dichloroethane 
l,l,l'Trichloroethane 
Carbon tetrachloride 
1,Z-Dichl oropropane 
Trichloroethylene 
Bromoform 
Tetrachl oroethyl enc 
Chlorobenzene 
n -Heptane 
l-Heptene 
Benzene 
To1 uene 
Et hy 1 benzene 
p-Xyl ene 

. m-xylene 
o-xyl ene 
Cumene 

Carbosieve S-I11 Carbopack B Carbotrap C 
(125 mg) (200 mg) (300 m a  

158 

9 

1.1 
0.4  
2.7 
4.7 
6.8 
2.5 
1.7 
2.2 

316 
262 
284 

130 
4060 

2.3 

12.9 
11.2 
11.0 
11.0 
27.8 



0 1.3 Saniple Collection 

1.3.1 Soil Gas Sampling 

After purging 3 probe volumes from the system, the valve on the 

adaptor is shut off and the stainless steel sample cartridge 

housing is Swagelok-attached to a programmable mass flow 

controller equipped with a vacuum regulated oiless diaphragm 

vacuum pump. The flow controller i s  typically programmed to pump 

200 ml of soil gas at a flow rate between 100 and 200 ml/min. 

When the total flow volume has been obtained, a solenoid valve i s  

automatically closed and the sample collection is complete. The 

mass flow meter delivers sample volumes between 20 and 5000 

standard ml with less than 2% error independent o f  temperature and 

vacuum conditions 

1.3.2 Atmospheric Sampl 

Atmospheric samples are collected by positioning the probe in the 

area of interest, 'setting the pumping rate, and programming the 

mass flow controller. I f  desired, the probe can be moved through 

a sampling volume at a specified rate t o  collect an integrated 

sample. No purging is necessaky for atmospheric samples,. 

So11 Gas OA 
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@ 1 . 3 . 3  Soil Sampling 

So i l  samples a re  collected a t  specified intervals  using a 1.5 foot 

s p l i t  spoon sampler w i t h  multiple brass l i n e r s . .  No l iquids  ( i - e . ,  

d r i l l i n g  mud, water, foam) are  permitted during the d r i l l i n g  

procedure i f  so i l  samples f o r  contaminant analyses a re  

required. If  samples a re  t o  be analyzed by the mobile 

laboratory, approximately 20 grams of the sample are removed from 

the brass sleeve using a s t a i n l e s s  s tee l  spatula and placed i n  a 

pre-weighed vial  containing a known amount o f  water. All so i l  

samples t o  be sent  out f o r  analysis  a re  retained i n  t h e  original 

brass tubes (2.5 inch diameter, 6 inches l o n g ) .  Immediately 

following removal of the brass tubes from the sampler, the center  

tube i s  f i r s t  capped with aluminum f o i l  and p l a s t i c  s l i p  caps. 

The s1,ip caps a re  then duct taped t o  the brass tube t o  maintain 

a proper seal .  Samples a re  labeled and placed in a z ip  lock 

p las t ic  bag and stored in a cooler with dry ice .  

1.3.4 Water Sarnpl ing 

The water sampling t r a i n  is described in Section 1.2.4. The well 

screen i s  attached t o  the s t a i n l e s s  tubing and lowered into the 

probe. A stainless s tee l  b g t t l e  i s  connected t o  the tubing and 

a Tygon l i n e  leading t o  the diaphragm pump is attached t o  the 

bot t le .  The transparent Tygon tubing i s  used t o  determine when 

the bot t le  i s  f i l l e d  and any bubbles i n  the l i n e  have cleared. 

Excess water, which serves t o  purge the sampling t r a i n ,  i s  



i n t e r c e p t e d  by a vacuum f l a s k  i n  the Tygon l i n e .  The va lve  i s  

then shu t  o f f  and t h e  b o t t l e  i s  d i sconnec ted  from t h e  sampling 

l ine and Tygon tubing .  Opening the va lve  a l lows  each o f  t h ree  

weighed 40 m l  VOC b o t t l e s  t o  be f i l l e d  t o  over f lowing .  No a i r  

bubbles  a r e  allowed t o  pass  through t h e  sample as the v i a l s  a r e  

f i l l e d .  These a r e  then immediately capped w i t h  a t e f l o o - l i n e d  

septum cap and s t o r e d  in  an i n v e r t e d  p o s i t i o n  a t  4 O C .  The 

i n v e r t e d  p o s i t i o n  keeps l i q u i d  i n  c o n t a c t  w i t h  t h e  septum, thus 

prevent ing  d i f f u s i o n  o f  v o l a t i l e s  through the septum/glass s e a l .  

I f  necessary ,  add i t iona l  40 m l  VOC b o t t l e s  will be c o l l e c t e d  

l i q u i d  fu l l  f o r  o u t s i d e  l a b o r a t o r y  a n a l y s i s . .  The 40 rnl VOC v i a l s  

a r e  purchased precleaned t o  €PA s p e c i f i c a t i o n s  from ICHEM. 

' 

An a l t e r n a t i v e  method used t o  c o l l e c t  w a t e r  samples involves  

the use o f  3/4" s t a i n l e s s  s t e e l  b a i l e r s .  These a r e  lowered down 

t h e  probe by a nylon cord t h a t  i s  r ep laced  b e f o r e  each sampling. 

1.4 Decontamination o f  Equipment 

, 1.4.1 Prior t o  each use, each s o i l  sampler ,  b r a s s  l i ne r ,  and auger 

f l i g h t  or d r i l l  stem i s  s team c l eaned  w i t h  a d i l u t e  sodium- 

t r i p h o s p h a t e  s o l u t i o n  and s t o r e d  on r a c k s  above ground. Care i s  

taken w i t h  t h i s  equipment- t o  e l i m i n a t e  bo th  s o i l - s u r f a c e  and 

cross-hole contaminat ion.  Vinyl or  la tex  s u r g i c a l  g loves  are worn 

du r ing  handl ing  and assembly o f  the sampling appara tus .  

I 
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1.4.2 P r o b e s ,  p o i n t s ,  well  s c r e e n s ,  and t u b i n g  a r e  s teani  c l e a n e d  p r i o r  

t o  sarnpl i n g .  Adaptors  and s t a i n l e s s  s teel  b o t t l e s  are'heatcd t o  

1 2 0 O C  and h e l d  f o r  1 hour  a t  t h a t  temperat .ure .  Carbon packed 

d e s o r p t i o n  c a r t r i d g e s  a r e  purged a t  4OO0C w i t h  helium f o r  8 

minutes. Cartridge holders are  heated and purged a t  >200°C for  

20 minutes. 

1.4.3 ' S e p a r a t e  s t o r a g e  a r e a s  a r e  provided fur  used and cleaned 

equipment .  No equipment i s  r e u s e d  w i t h o u t  c l e a n i n g .  

bl So11 Gas QA 
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2. ANALYSIS 

2.1 Scope 

This section covers the equipment, materials,  and procedures used t o  

determine the presence and concentrations of various v o l a t i l e  organic 

compounds in the soi l  gas, atmospheric, s o i l ,  and shallow groundwater 

samples. 

2.2 Oetection Limits 
t 

The typical l imi t s  of detection specified are  fo r  water, so i l  gas,  and 

atmospheric samples, respectively, .0.01, 0.01, and 0.001 pg/1. The 

applicable concentration range of t h i s  method i s  influenced by sample s ize  

and instrument l imitat ions.  Refer t o  Summary o f  Method f o r  d e t a i l s .  0 
2.3 Apparatus and Equipment 

2.3.1 Gas Chromatographs 

Hydro Geo Chern uses one of two mobile laborator ies  t o  

p rov ide  on-si te  analyses. The f i r s t  mobile laboratory i s  housed 

i n  a 30 foot motorized s t ep  van. The second mobile l a b  i s  

contained in a 22 f o o t  t r a i l e r .  Varian 3400 and 3700 gas 

chromatographs are provided i n  our mobile labora tor ies  (a stand- 

alone vehicle t ha t  operates separately from the  dr ive  point r i g ,  

thereby allowing e f f i c i en t  operation o f  both). These 

a 
chromatographs are  connected i n  paral le l  t o  an Envirochem thermal 

desorber (Model 850) which accepts the g lass  s o r b t i o n  tubes used 

t o  co l l ec t  the soi l  gas, atmospheric, o r  gas purged water samples. 

Figure 3 i s  a schematic of the analytical apparatus. Iielium flow 

i s  opposite t o  the flow direct ion of sample co l lec t ion .  The 

So11 (as PA 
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thermal desorber rapidly heats the  sample s o r b t i o n  tube releasing 

the v o l a t i l e  organic compounds i n t o  the chromatograph by heating 

the t u b e  t o  380 24OC i n  26 22 seconds. Compounds a r e  t ransfer red  

t o  the  ana ly t ica l  columns via  heated ( 2 5 O O C )  nickel l i n e s .  

The Varian 3400 chromatograph is  equipped with cryogenics 

capable o f  cooling the  column oven t o  below O°C using carbon 

' dioxide. 

The  c a r r i e r  gas i s  helium a t  20 ml/minute. This gas  flow 

i s  s p l i t  between the t r a n s f e r  l i n e s  i n  the  desorption u n i t  by use 

of a flow metering valve (SGE1230400). The c a r r i e r  gas flow i s  

augmented w i t h  an additional 25 ml/minutc helium before enter ing 

the photoionization de tec tor  (PID) t o  optimize response o f  both 

PI0 and Hall e l e c t r o l y t i c  conduct ivi ty  (Hal l )  d e t e c t o r s .  

2.3.2 GC Columns 

A OB 624 Megabore column, 30m x 0.53mm (Jaw S c i e n t i f i c )  i s  

used i n  the Varian 3400 chromatograph. The helium flow r a t e  is 

adjusted t o  approximately 7.0 ml/minute a t  the  metering valve. 

The temperature program varies with the client needs. A typ ica l  

temperature program i s  as  fallows: t h e  column temperature i s  held 

a t  2 O C  f o r  3 minutes, then programmed t o  35OC a t  15 ml/minute, no 

hold time, t o  14S°C a t  8 ml/minu te ,  no hold,  t o  23OoC a t  35 

m l / m i  nute. 

I 677 Sol1 Cas QA 
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The 3700 GC i s  equipped w i t h  an OV 101 on Chromosorb W-IIP 

80-100, 18" x 29" packed column (Var i an )  used fo r  t o t a l  

hydrocarbon analysis.  I t  i s  a l s o  equipped w i t h  a 1/8" x 18" 

Carbosphere, 60/80 mesh, used t o  analyze f o r  nonsorbabl e gases. 

These columns are  operated isothermally a t  20OoC. 

2.3.3 Detectors 

2.3.3.1 A photoionization de tec tor  (P ID)  equipped with a 1 0 . 2 ~  lamp 

(Tracor Model 1703) i s  used. 

2.3.3.2 A Hall e l ec t ro ly t i c  conductivity detector (HECD) (Tracor Model 

700A) i s  also used. Operation conditions a re  as follows: 

Reaction tube: Nickel 1/16" OD 

Reactor temperature: 9oooc 

Reactor base temperature: 25OoC 

E l  ectrolyte:  n-propyl a1 coho1 

Electrolyte flow ra te :  0.7 ml /min  

Reaction gas: 

Carrier gas p l u s  make up: 

> ' hydrogen a t  35ml/min. 

helium a t  32ml/min. 

2.3.3.3 Hydro Geo Chem a lso  has  avai lable  i n  the mobile laboratory an 

Electron Capture Detector, ECD (Varian). 

17 



1 @ 2 . 3 . 4  I n t e g r a t o r s  

Three computing i n t e g r a t o r s  a r e  u t i 1  ized depending on 

a n a l y s i s  requirements .  These i ncl ude PC-cornpati bl e/Nel son 

Analy t i ca l  Chromatography sof tware  package and two computing 

i n t e g r a t o r s ,  Spec t rophys ics  4200, and a Varian 3400 i n t e g r a t o r .  

2.3.5' Purge and Trap Apparatus 

An in-house designed and b u i l t  purging appara tus  (Figure 4 )  

High p u r i t y ,  i s  used i n  the a n a l y s i s  o f  s o i l  and water  samples.  

iner t  (He o r  N2) g a s  is  bubbled through t h e  sample a t  200 ml/min. 

f o r  10 minutes .  Purged sample components are t rapped  i n  a Supelco 

thermal deso rp t ion  tube .  

2.3.6 S tandards  and Reagents 

2.3.6.1 Standards  a r e  prepared  from s tock  mixtures  of  n e a t  reagent  grade 

compounds by adding a measured pipet ted.  volume o f  each compound 

t o  be analyzed t o  t h e  mixture and de termining  the weight added 

by d i f f e r e n c e .  An a l i q u o t  volume o f  the f i n a l  mixture is t h e n  

weighed t o  e s t a b l i s h  density (weight/volume). Weighing is  done 

on a 0.1 mg M e t t l e r  b a l a n ~ e ~ c a l i b r a t e d  accord ing  t o  manufacturers  

guide1 i n e s  wi th  weights  t r a c e a b l e  t o  NBS s t anda rds .  C e r t i f i e d  

mixtures  o f  v inyl  c h l o r i d e  i n  n i t rogen  and .methane i n  n i t rogen  

purchased from Matheson Gas Products ,  Cucamonga, C a l i f o r n i a  a r e  

used t o  s t a n d a r d i z e  these compounds. 

18 
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0 2.3.6.2. VOC-free water  used i n  purging s o i l  samples i s  prepared from 

d i s t i l l e d  water degassed by b o i l i n g  >1 hour .  

2.4 Standa rd iza t ion  and Ca l ib ra t ion  

2.4.1. C a l i b r a t i o n  

a 

Standards f o r  c a l i b r a t i o n  a re  prepared a s  o u t l i n e d  i n  

Sec t ion  2.3.6.1. A measured volume o f  t h e  s tandard  mixture  i s  

i n j e c t e d  i n t o  a n i t r o g e n - f i l l e d  1-1 i t e r  g l a s s , ,  gas  b o t t l e  through 

a septum s i d e  p o r t .  After h e a t i n g  the b o t t l e  t o  achieve  

v o l a t i l i z a t i o n  and mixing of  the s t a n d a r d s ,  measured volumes are 

e x t r a c t e d  w i t h  a gas  syr inge  and i n j e c t e d  i n t o  a 200 ml/min helium 

gas  s t ream leading  t o  a carbon packed s o r b t i o n  c a r t r i d g e .  After 

2 minutes ,  th is  c a r t r i d g e  i s  inserted i n t o  the thermal deso rbe r  

and analyzed e x a c t l y  a s  the samples. 

The amount of t h e  s tandard  s t o c k  s o l u t i o n  i n j e c t e d  i n t o  the 

gas  b o t t l e  and the type  o f  g a s  i n j e c t i o n  used a r e  dependent  upon 

t h e  requi red  mass o f  ana ly te .  A set  o f  c a l i b r a t i o n  s t a n d a r d s  

con ta in ing  t h e  method a n a l y t e s  and i n t e r n a l  s t anda rd  i n  t h e  range 

o f  0.05 p g / l  t o  500 pg/l based on a 200 m l  s o i l  g a s  sample are 

analyzed as o u t l i n e d  i n  Sec t ion  7 o f  t h e  QAPP. 

Area response versus  the c o n c e n t r a t i o n  i n j e c t e d  o f  each 

a n a l y t e  and the i n t e r n a l  s tandard  are tabu1 ated. Response f a c t o r s  

(RF)  f o r  each a n a l y t e  is c a l c u l a t e d .  

So11 Cas QA 
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Spec t r a  Physics  c a l c u l a t i o n  o f  RF i s :  

where A, = a r e a  o f  a n a l y t e  t o  be measured 

Ai, = a r e a  o f  i n t e r n a l  s t a n d a r d  

C,, = concen t r a t ion  o f  i n t e r n a l  s t a n d a r d s ,  pg/l 

C, = concen t r a t ion  o f  a n a l y t e ,  pg/1 

Varian 3400 c a l c u l a t i o n  of R F  . 

RF = Cs(Ais)/A,(C,,) x 10,000 

A c a l i b r a t i o n  curve i s  prepared f o r  each ana ly t c .  I f  t h e  

RF i s  c o n s t a n t  (SO less  than  +IS%) o v e r  the working range,  t h e  

average RF is  used. 

New c a l i b r a t i o n  cu rves  are gene ra t ed  as needed o r  every  

three months. 

2.4.2.  Standa rd iza t ion  

21 
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Analys is  o f  a s t anda rd  i s  performed a t  the  beginning o f  each 

Dai ly  s t a n d a r d s  are p repa red  i n  t h e  .same manner a s  the day. 

c a l i b r a t i o n  s t a n d a r d s  (Sec t ion  2.3.6.1). 



- 

The amount o f  injected standards s h a l l  be i n  the range o f  

0.1 t o  1 pg which corresponds t o  soi l  gas analysis of 200 rnl 

samples t o  0.5 t o  10 pg/l, f o r  atmospheric samples of 2000 m l ,  t o  

0.05 to  1 pg/l ,  and for  water, t o  5 t o  100 pg/l. These standards 

shall be analyzed a t  l ea s t  three times. I f  the area of any 

analyte varies from the response determined by the cal ibrat ion 

curve or the average RF by grea te r  t h a n  +_20%, the system i s  

- recalibrated.  A s tandard  having s imilar  detector response t o  t h a t  

observed during analysis of fi-eld samples i s  r u n  a f t e r  every tenth 

sample. When water i s  t o  be analyzed, two water standards 

containing a concentration i n  the  range of 20 pg/l a re  prepared 

by injection o f  a stock standard i n t o  VOC v ia l s  half f i l l e d  with 

VOC-free water. 

2.5 Quality Control 

2.5.1 System B l a n k  

2.5.1.1 Soil Gas 

A random selected sampling car t r idge is  analyzed da i ly  t o  

demonstrate t h a t  interferences from car t r idges o r  the analytical  

system a re  under control.  I f  interference i s  found a t  

unacceptable levels ,  an unpacked car t r idge i s  analyzed t o  

determine i f  the interference i s  due t o  the car t r idge  o r  t o  the 

I 
F 
0 
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' 0  analy t ica l  system. Appropriate measures a r e  taken t o  e1 iminate 

such in te r fe rences .  

2.5.1.2. Water 

A t  t h e  beginning of each day, the  chemist f i l l s  a sampling 

conta iner  with reagent water and proceeds t o  handle i t  as an 

actual  sample i s  handled i n  o rder  t o  demonstrate t h a t  t h e  system 

and water a r e  interference-free.  I f  VOC's a r e  de tec ted ,  

appropriate  measures will  be taken t o  c o r r e c t  the  problem. 

' 

2.5.1.3. Soil  

System blanks a r e  unable t o  be performed o n  s o i l  because 

in te r fe rence- f ree  s o i l  i s  not a v a i l a b l e  and the procedure i s  not 

feas  i bl e. 

2 . 5 . 2  Field Blanks 

2.5.2.1 Soil  Gas 

P r i o r  t o  each day's soil gas o r  atmospheric sampling, f i e l d  

blanks of the entire sampling apparatus are taken and analyzed t o  

check background contamination i n  the  sampling system and 

c a r t r i d g e s .  Sampling c a r t r i d g e s  are attached t o  both the i n l e t  

and o u t l e t  end of  a sampling probe. The sample c o l l e c t e d  i n  the 

discharge end c a r t r i d g e  i s  representa t ive  of sampl ing t r a i n  

So11 Cas QA 23 



contamination only while the  intake ca r t r idge  provides a measure 

of the atmospheric concentrations.  Additional f i e l d  blanks a re  . 

col lec ted  p r io r  t o  any reuse of recleaned sampling equipment. 

2.5.2.2. Water 

A sampling container w i l l  be f i l l e d  w i t h  in te r fe rence- f ree  

water i n  the  f i e l d  in the  same manner a s  water samples a re  

co l lec ted .  This sample, now designated as  a f i e l d  blank, i s  

returned t o  the 'laboratory f o r  analysis .  I f  VOC's a r e  detected,  

sample co l lec t ion  procedure wil l  be reviewed. I f  necessary, 

sampling equipment will be thoroughly decontaminated. 

2.5.2.3. Soil  

Collection of f i e l d  blank so i l  samples i s  not f e a s i b l e  due 

t o  the nature o f  the matrix and because in t e r f e rence - f r ee  so i l  i s  

n o t  avai 1 ab1 e .  
I 

2.5.3 Oupl i c a t e  Samples 

Oupl i c a t e  soil gas ,  atmospheric, o r  shallow groundwater 

samples a re  col lected from each sampling loca t ion .  Duplicate 

analyses a re  performed on a t  l e a s t  10% o f  t h e  samples co l lec ted ,  

o r  i f  t he  i n i t i a l  ana lys i s  is outs ide  QA spec i f i ca t ions .  

Duplicate analyses a re  not performed on s o i l  samples because i t  

would require  homogenization of the sample, tend t o  re lease 
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v o l a t i l e s  from the sample, and therefore, limit the accuracy o f  

the r e s u l t s .  

2.5.4 Trip Blanks 

2.5.4.1.  Soil  Gas , .  

An unused sample car t r idge i s  transported i n t o  the f i e ld  with 

the  sampling equipment. The  t r i p  b l a n k  car t r idge i s  handled in 

the same manner as a sample, b u t  a sample i s  riot collected through 

t h i s  car t r idge.  The t r i p  b l a n k  i s  returned t o  the l a b  with the 

o the r  samples and analyzed. I f  VOC's are  detected, sample 

handling and transport  procedures are subsequently reviewed. I f  

no V O C ' s  are  detected,  t h i s  car t r idge i s  a lso used as a system 

blank. 

2.5.4.2. Water 

A sampling container i s  f i l l e d  with water determined t o  be 

interference-free and taken in to  the f ie ld . '  The t r i p  blank 

container i s  handled i n  the  same manner as other  water samples b u t  

i s  n o t  used t o  co l l ec t  an actual sample. The t r i p  blank i s  then 

returned t o  the laboratory .for analysis w i t h  the other'  samples. 

I f  VOC's are  detected,  sample hand1 ing  and transport  procedures 

a re  reviewed and sampling equipment is decontaminated as 

necessary. 
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2.5.4.3. s o i l  

Trip blanks for  so i l  sampling are  n o t  used because 

uncontaminated s o i l s  w i t h o u t  background levels  of  organics are n o t  

available and the t r i p  b l a n k  procedures a re  n o t  feasible .  

2.5.5.  . Matrix Spike Duplicate 

2.5.5.1. S o i l  Gas 

The standard cal ibrat ion procedure fo r  so i l  gas analysis, the 

ma t r ix  being the activated carbon i n  the sample collection 

car t r idges only, accounts f o r  matrix spike duplicates. 

2.5.5.2. Water 

B 
f 
1 
f 

Once per day a duplicate f i e ld  sample i s  w i t h  a cal ibrat ion 

standard of known concentration. This spiked sample i s  then 

The 

difference between the reported concentration per compound and the 

concentration of the  spike are  then compared t o  the previous 

analysis o f  the unspiked sample duplicate. 

processed and analyzed i n  the  same manner as a l l  samples. 

S o i l  Gar'an 
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2.5..5.3. Soil  

Because a sp ike  cannot  be e f f e c t i v e l y  and uniformly 

d i s t r i b u t e d  throughout a s o i l  sample, ma t r ix  s p i k e  dup l i ca t e s  a r e  

unre l iab le  ind ica to r s  and t h e r e f o r e  no t  c o l l e c t e d .  

2.5.6 Chromatographic Information 

On the  f i r s t  page o f  each day 's  chromatograms, t h e  following 

system parameters a r e  noted: 

A )  

8 )  

Gas flows f o r  H,, N,, and a i r  

Tank pressures  f o r  H,, N,, and a i r  

C )  Temperatures 
1. In j ec to r  
2.  Columns 
3. Detector 
4 .  Thermal desorber  oven 
5. Thermal desorber  t r a n s f e r  1 ines 
6. Thermal desorber  deso rp t ion  tempera ture  and dura t ion  

0) In tegra tor  parameters 

1. Attenuation 
2 .  Peak markers 
3 .  Baseline o f f s e t  

E )  Column(s) 

1. Type 
2. Length and d iameter  
3 .  Packing mater ia l  
4 .  Temperature 

F) Operator 

G )  Date 

I f  any system parameters change, the chromatograms s h a l l  be 

stamped and changes noted. 
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2.5.7 Internal Quality Control 

I All chromatograms are reviewed internally by a chemist other 

than the chemist performing the analysis. 

~ 2.5.8 Outside Quality Control Audits 

Samples are sent to independent laboratories for analysis 

periodically as a quality assurance check. 

2.5.9 Sample Chain o f  Custody 

All samples are labeled with the following information: 

1) Sample identification number, 

2) 

3) Name of  sampler 

Date and time of sample collection 

In addition to labeling the samples, a field data/chain o f  custody 

form is completed in duplicate for each sample (Figure 5 ) .  At the . 

time o f  sample collection, the field sampler signs the custody 

form and records the date, .time and other pertinent information. 

The sample is then transferred to the laboratory, where the 

individual receiving the sample for analysis signs the original 

custody form and records the date and time. This Soil Gas Field 
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ItYORO GCO CHEfl, IMC. SAMPLE INFORMATION AND TRANSFER FORI1 
- -  Original t o  Mobile Cab -- Copy Kept i n  field Notebook 

Location # :  Sample #:  Data Base Fi l e :  

Location Description: 

Sampler (Signature): Soil?-\/ater?-Soil Gas?-Atmospheric?- 

Weather: Baronet t - i  c Pressure : 

Mind Direction/Speed: Air Temp ( O F )  : 

Surface Conditions: Soi 1 Temp (OF) : 

Tirne/Date: Cartridge(s):: 

Probe Depth: Probe #: Probe Volume: 

Adapter X : 

Sample Size: 

Cy1 i nder # : 

Pump Flow Rate t Duration: 

Vacuum Gage Readi ng : 

Purge Flow Rate G Duration: Rotcs: 

@-ab Receipt: (Signature): , T i  me/Date: 

Compound Analyzed 

DCM 

Chloroform 

CCl4 
vc1 

1.1 DCE 
trans-1.2 DCE 
cis-1.2 DCE 
TCE 
PCE 
1.1 D C A  

1.2 D C A  

1.1.1 TCA 

Benzene 

Toluene  

Ethvlbenzene  
~~ 

Xylenes  

Mexured Concentration (pg/l) 
1st 2nd 

Chromatogram nU 
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D a t a  Sheet ( C h a i n  o f  Custody Form) i s  then fi , led in  a notebook 

w i t h  the  hard copy o f  the analyt ical  r e s u l t s  and eventually 

becomes p a r t  of the the f ina l  evidence f i l e .  The copy i s  retained 

i n  the f i e l d  notebook. . 

2.6 Procedures 

2.6.1 ' Typical chromatographic equations a re  summarized in Section 2.7. 

2.6.2 The system i s  ca l ibra ted  da i ly  as described in  Section 2.4.1. 

2.6.3 Water Sampl cs 

Approximately half  o f  the  water sample i s  disposed o f  and 

the  v ia l  resealed.  T h i s  sample i s  weighed t o  determine volume and 

purged with 200 ml/min N, f o r  10 minutes. The purged v o l a t i l e  

compounds a r e  trapped on a carbon packed desorption ca r t r idge .  

2.6.4 Soil  Samples 

'Soil samples col lected f o r  in-house ana lys i s  are placed i n  

a water bath ( 9 O o C )  a f t e r  being well ag i t a t ed .  These samples a re  

purged i n  the  same manner. as water samples. The samples a re  

weighed before purging t o  determine sample mass. 

0 2.6.5 Gas Samples 

Soi l  Gas QA 
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The thermal desorption tubes, on which the samples are 

collected are placed i n  the thermal desorber and heated t o  380 

24°C with a helium flow of 20 ml/min. a t  the same time t h a t  the 

GC temperature program i s  in i t i a t ed  and data acquis i t ion s t a r t ed .  

The trapped materials a re  desorbed and carr ied through the heated 

t r ans fe r  l i nes  to  the GC columns where separation occurs (Figure 

3 )  - 

2.7 Calculations 

2.7 .1  Each analyte in the sample chromatogram i s  ident i f ied  by 

comparing the retention time of the suspect peak t o  re tent ion 

times generated by the cal ibrat ion s t anda rds  on the appropriate 

detector .  When applicable, the re1 at ive response of the a1 te rna te  

detector  t o  the analyte i s  determined. 

should agree to  within 20% o f  the r e l a t ive  response determined 

The r e l a t ive  response 

from the standards. 

2.7.2 

, 

Q u a n t i t a t i o n  i s  usually performed on the  de tec tor  which  

exhib i t s  t h e  greater  response i f  both detectors  respond t o  an 

analyte. In cases where grea te r  spec i f i c i ty  o r  precision would 

r e s u l t ,  t he  analyst uses his/her professional judgement i n  

determining the a l te rna te  detector.  

2.7.3 The concentration of the unknowns is determined by using the 

ca l ibra t ion  curve o r  by comparing the peak height o r  area o f  the  

unknowns t o  the peak h e i g h t  o r  area o f  the  standards as follows: 
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Cu = AJA,, x C,,/RF 

where C, = concentration o f  the analyte in sample i n  pg/1 

Cis = concentration of the internal standard in pg/l 

A, 

Ai, = peak area of the internal s t a n d a r d  

RF = re1 a t  i ve response factor  

= peak area o f  the analyte 

2.7.4 The resu l t s  for  the unknown samples are  reported in pg/l. 

. The r e su l t s  are rounded o f f  t o  the nearest 0.01 pg/1 or 2 

s igni f i cant f igures . 

Sol1 Gas Q A  
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APPENDIX GT.9B 
WALSH STANDARD OPERATING PROCEDURES FOR OBTAINING 

SOIL GAS AND SOIL SAMPLES, AND 
VOLATILE ORGANIC COMPOUND ANALYSIS OF AIR AND SOIL GAS 

SAMPLES BY THERMAL DESORPTION AND GAS 
CHROMATOGRAPHY/MASS SPECTROMETRY 

, 
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WALSH STANDARD OPERATING PROCEDURES FOR OBTAINING 

VOLATILE ORGANIC COMPOUND ANALYSIS OF AIR AND SOIL GAS 
SAMPLES BY THERMAL DESORPTION AND GAS 

CHROMATOGRAPHY/MASS SPECTROMETRY 

SOIL GAS AND SOIL SAMPLES, AND 

REFERENCES 

Test Methods for Evaluating Solid Waste, SW-846, third edition, Volume 1B: Laboratory Manual, 
PhysicaYChemical Methods, Method Numbers 5030,8000, and 8260. 

Methods for the Determination of Organic Compounds in Drinking Water, EPA-600/4-88/039, Revised July, 
199 1 : Method 524.2. 

Compendium of Methods for the Determination of Organic Compounds in Ambient Air, EPA/600/4-89/017, 
June 1988: Methods TO-1, and TO-2. 

SCOPE AND APPLICATION 

This method is used for the detection and quantification of organic compounds collected in air sampling tubes, 
particularly vadose zone soil-gas samples. This SOP serves as a guideline for the analyst but does not take the 
place of a proper training program. 

SUMMARY OF METHOD 

Measured volumes of air or soil gas samples are and passed through adsorbent traps where the volatile analytes 
are deposited. Each trap is sealed and delivered to the laboratory. This trap is heated and back-flushed with 
carrier gas to desorb the analytes and carry them onto a cryogenically cooled trap. The cryo-trap is then headed 
and the analytes are driven onto a chromatographic column. These analytes are subsequently detected by a mass 
selective detector. Compounds are identified by their mass spectra and comparison of relative retention times 
with those of a calibration standard. They are quantified using relative retention times with those of a 
calibration curve. Analytes quantified at or above the statistically determined detection limits. 

SAMPLE HANDLING, PRESERVATION, AND REPORTING 

Samples are collected on Carbotrap 300 traps and sealed within glass tubes which are provided. Refer to the 
WALSH Soil Gas Sampling Procedure for further details. 

Samples must be analyzed within 14 days of collection. 

Samples from the Rocky Flats Soil gas survey in conjunction with Jacobs Engineering Group will be analyzed 
within 4 days of collection. 

Analytical data will be reported to Jacobs Engineering Group by both electronic means (computer diskette) and 
hard copy on a twice a week basis. 

SAFETY 

Many of the analytes are known carcinogens. Precautions should be taken with all samples and standards such 
that they are considered carcinogenic. 

Solvent resistant gloves and safety glasses are required when handling carbon trap samples and standards. 

Standards and solvents must be handled only in an operable fume hood. 

Avoid contact with solvents and standards. 
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Refer to the WALSH Health and Safety Plan for further details. 

INTERFERENCES 

Airborne contamination in the form of extraction solvents present a major problem. A minimum of one reagent 
blank should be run during the course of daily sequence, and all interfering compounds be quantified. 

Carry-over contamination of the thermal desorher and gas chromatographic systems present a more controllable 
problem than airborne contamination, especially when samples .with any individual compounds higher than 
approximately 3 pg/L. Thorough bakeout of thermal desorber and sample tubes will alleviate this problem. If 
encountered, these high level samples should he immediately followed by a blank. 

APPARATUS AND EQUIPMENT 

Sample Preparation 

Gas Tight Syringes - Assorted sizes. 

Static Dilution Flasks - 1.OL. 

Adsorbent Traps - Carbotrap 300 or equivalent. 

Thermal Desorption System - System consisting of thermal desorption device, cryogenic trap, and heater. 
Designed to accept 7 inch x 0.25 inch sample tubes. 

Tekmar Aerotrap 6000 or equivalent. 

Gas Chromatograph 

Analytical system complete with gas chromatograph suitable for thermal desorption sample introduction. 

HP-5890 or equivalent. 

Capillary Column (equivalent acceptable) 

DB-VRX; J&W Scientific; 0.33mm x 60m, 1.8 p film thickness. 

Detector 

Mass Spectrometer - HP 5972 or equivalent. 

Data Collection - Data system capable of acquiring and storing raw data from the mass spectrometer. 

HP Vectra 486/66U or equivalent. 

Data Reduction - Software capable of reducing raw data into hard copy and electronic media for reporting to the 
Jacobs Engineering Group. 

HP Enviroquant Software for GCMS or equivalent. 

Miscellaneous 

Drying Oven. 

Freezer. 
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7.6.6 
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10.0 

10.1 

10.1. 

Refrigerator. 

Analytical Balance. 

Ultra High Purity Helium. 
Liquid Nitrogen. 

REAGENTS 

Methanol (Purge and Trap Grade Methanol) 

STANDARDS 

All standards must be less than 2 years old. Stock standards and unopened standards in methanol are stored in 
the freezer at less than 0’ C. Working standards should be made up as needed. 

Initial and Daily Calibration 

502.2/8260 Analyte List (equivalent acceptable) 

Restek VOACYL 111 - 2.5 pg/ml in nitrogen. 

Restek Custom 502.2 Calibration Mixes #2-6 - 20,000 pg/ml in methanol. 

Internal Standard (equivalent acceptable) 

Restek Custom 8260 Internal Standard Mix - 20,000 pg/ml in methanol. 

Surrogate Standard (equivalent acceptable) 

Restek Custom 8260 Surrogate Standard Mix - 20,000 pg/ml in methanol.. 

Laboratory Control Standard (LCS)/Matrix Spiking Solution (equivalent acceptable) 

Restek Custom VOA Matrix Spike Mix - 20,000 pg/ml in methanol. 

Standard Preparation: Working standards are prepared by injecting high concentration standard solutions #2 - #6 
into a precleaned 1L static dilution bottle with glass beads. The contents of the VOACYL 111 may be injected 
directly onto the adsorbent rap. Prior to instrument calibration the dilution bottle should be heated to 65°C and 
shaken to evaporate all liquids. 

PROCEDURE 

Preparation 

Thermal desorption tubes must ,e conditioned at 375°C for a minimum of 8 hours prior to use. 

Liquid Nitrogen must be available for cry0 trap. IO.  1.2 

10.2 Instrument Conditions 

10.2.1 Typical Aerotrap Conditions 

Tekmar Aerotrap 6000 

Sample Sweep Time: 4 minutes 
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0.2.3 

Sample Sweep Condition: 
Sample Desorb Temperature: 
Sample Desorb Time: 
Sample Tube Bake Temperature: 
Sample Tube Bake Time: 
Cry0 Trap Temp: 
Trap Desorb Temperature: 
Trap Desorb Time: 
Trap Desorb Preheat: 
Trap Bake Temperature: 
Bake Time 
Cry0 Trap: 

Typical Gas Chromatograph Conditions 

DB-VRX Column 

Carrier: 
Electronic Pressure Control Conditions: 
Initial Temperature: 
Initial Time: 
Oven Program Rate: 
Final Temperature: 
Final Time: 
Total Run Time: 

Electronic Pressure Control Conditions 

Initial Pressure: 
Initial Time: 
Pressure Program Rate 1 : 
Pressure 2: 
Time 2: 
Pressure Program Rate 2: 
Pressure 3: 
Time 3: 
Pressure Program Rate 3: 
Pressure 4: 
Time 4: 

Typical Detector Operating Conditions 

Mass Spectrometer: HP 5972 
Acquisition Mode: 
Mass Range: 
Tuning Criteria: 

Tune Evaluation Standard: 
Mass Intensities: 

Mass 50: 
Mass 75: 
Mass 95: 
Mass 96: 
Mass 173: 
Mass 174: 
Mass 175: 
Mass 176: 
Mass 177: 

1 

Pre-Cool 
30°C 
8 minutes 
375'C ' 

8 minutes 
- 190'C 
240°C 
4 minutes 
200°C 
260°C 
6 minutes 
#19-Glass Beads 

Helium 
Varied ( S e e  Below) 
40°C 
8 minutes 
8Wminute 
230°C 
2 minutes 
32.75 minutes 

12.6 PSI 
0 minutes 
99 PSYminute 
50 PSI 
0.25 minutes 
99 PSYminute 
12.6 PSI 
7.04 minutes 
0.57 PSYminute 
26.2 PSI 
0.89 minutes 

Scan (2.2 scanslsecond) 
35-350 AMU 

CBromofluorobenzene 

15 to 40% of mass 95 
30 to 60% of mass 95 
base peak 
5 to 9% of mass 95 
<2% of mass 174 
>50% of mass 174 
5 to 9% of mass 174 
95 to 101% of mass 174 
5 to 9% of mass 176 
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0.3.1 

0.3.2 

0.3.3 

0.3.4 

0.4 

Daily Quality Control Preparation 

Daily Calibration Standard: A standard verification of the initial calibration curve must criteria for SPC and CC 
Compounds . 

From a known concentration Static Dilution Bottle which has been heated to 65°C draw a known 
amount of air standard. 

Inject directly into clean air sampling tube. 

From a second Static Dilution Bottle which has been kept under the same conditions, draw a known 
amount of IntemaVSurrogate standard mix and inject onto the same trap. 

From a VOACYL III stored at room temperature draw an aliquot of the gases and inject onto the trap. 

Desorb and analyze trap contents for instrument calibration. 

Daily Reagent Blank: Blank samples used to quantify system contamination. A minimum of one reagent blank 
should be run in the course of a daily sequence. Blanks should contain less than the reporting limit for all 
analytes with the exception of common laboratory contaminants (methylene chloride, acetone, toluene). 

Draw 250 pg/L of IS/SS into a Gastight syringe from a heated Static Dilution Bottle. 

Connect clean, conditioned sample tube to air pump and being flow. 

Transfer IS/SS into air sampling tube. 

Desorb and analyze trap. 

Laboratory Control Standard (LCS): Standard which contains the parameters of interest is used to judge overall 
system performance and stability. Only used for EPA level 3 - 5 data. 

Draw 250 pL of ISISS and 250 pL of LCS into Gastight syringes from heated Static Dilution Bottles. 

Connect clean, conditioned sample tube to air pump and being flow. 

Transfer IS/SS and LCS into air sampling tube. 

Repeat for LCS 2. 

Matrix Spike: Sample which is spiked with the LCS solution is run to show any matrix interference problems 
that may exist with a particular sample. An MS should be performed once for every 20 samples and for every 
matrix present in a sample set. Matrix spikes are run only when EPA level 3 - 5 data is specified. 

Draw 250 pL of LCS into Gastight syringes from heated Static Dilution Bottles. 

Connect sample tube containing a sample to air pump and begin flow. 

Transfer IS/SS and LCS into air sampling tube. 

Sample Preparations: 

Draw 250pL of IS/SS into a Gastight syringe from a heated Static Dilution Bottle. 

Connect sample tube containing a sample to air pump and being flow. 
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Transfer IS/SS into air sampling tube. 

, .- 
CALIBRATION 

A three point calibration curve is used to determine the linear range of the GCMS for EPA levels 1 and 2. A 
five point curve is used when EPA levels 3 - 5 are required. The calibration curve determines the working range 
of the instrument thus the low standard should be within 5 - 10 times the instrument detection limit. Response 
factors (RFs) and retention times are tabulated using computer data system. 

Typical Calibration Analyte amounts: 

- 0.100 pg, OSOOpg, 1.00pg, and 2.00pg for a 3 point curve. 

Using data collection software, tabulate RFs and retention times. Calculate linear fits to the calibration curve. 

All parameters must meet the quality control criteria listed in the quality control section. 

CALCULATIONS 

Relative Response Factors (RRF): 

RRF = 1Conc. Int. Standard ludll (Area Analvte) 
(Area Int. Standard) (Conc. Analyte [pg/l] 

Analyte Concentrations: 

Conc. = (Area Analvte) (Conc. Int. Standard) 
(Area Int. Standard) (RRF) (Dilution Factor) 

QUALITY CONTROL 

Daily reagent blanks are run to verify the cleanliness of the system. Blanks should contain less than the 
reporting limit for all analytes with the exception of common laboratory contaminants (methylene chloride, 
acetone, toluene). 

If blanks contain analytes other than common laboratory contaminants at a concentration greater than the 
reporting limit, they must be re-prepared and re-analyzed to meet the requirements. 

If blanks contain common laboratory contaminants at a concentration greater than the reporting limit, the 
reporting limit will be raised by two times the blank concentration. 

The initial calibration must have a minimum of five points for each analyte if EPA levels 3 ,4 ,  or 5 are 
required, or three points if EPA levels 1 or 2 are necessary. The calibration curve should define the working 
calibration range. The maximum percent relative standard deviation of the curve for CCCs must not exceed 
50%. The minimum relative response factor for SPCCs must not be lower than 0.200 (0.150 for Bromoform). 

If all requirements for the initial calibration are not met, a new initial calibration must be run until all 
requirements are met. 

A daily calibration standard is run to verify the'initial calibration curve every 12 hours of instrument operation. 
SPCCs must have a minimum RRF of 0.200 (0.150 for Bromoform) and CCCs must have a maximum %RPD 
of 50%. 

If any analyte is out of the acceptable recovery range, the calibration standard must first be re analyzed. 
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If any analyte is consistently out of the acceptable recovery range, corrective action should be taken to determine 
the root of the problem and a new initial calibration curve should be run and the daily calibration standard should 
be re analyzed. 

For EPA levels 3 - 5 an LCS containing the parameter of interest should be run for every 20 samples analyzed. 
Use laboratory generated control limits to initiate corrective actions. 

RPD = L(1nitial Sample Result - Duplicatc SamDle Result’l *(lOO’lI 
Average of the Two Results 

If the LCS has any analyte out of the acceptahlc recovery range, it must be re analyzed. 

If any analyte is consistently out of the acceptahle recovery range, a new stock solution of LCS should be 
opened and analyzed. If any analyte remains out of the acceptable recovery range, a new initial calibration 
should be run and the LCS must be re analyled. 

For EPA levels 3 - 5 one matrix spike and duplicate must be run for every 20 samples analyzed. Recoveries 
should fall within laboratory defined control limits. 

When the analyte concentration is three times the spike concentration or greater, the spike recovery is not 
reported because it exceeds the calibration range. 

Matrix spike recoveries which are out of the acceptable range are evaluated by the analyst and noted in the raw 
data file. No actions are taken unless determined otherwise by an experienced analyst. 

Internal standard recoveries for all samples and spikes should fall within -50% to +loo% of the daily continuing 
calibration. 

If a sample internal standard recovery is out of the acceptable recovery limits, the sample should be re-analyzed. 

If a sample is re-analyzed and the internal standard recovery is still out of the acceptable recovery range, the data 
should be reported and matrix interference should be noted in the raw data file. 

Surrogate standard recoveries for all samples and spikes should fall within 40% to 180% of the daily continuing 
calibration. 

If a sample surrogate standard recovery is out of the acceptable recovery limits, the sample should be re-analyzed. 

If a sample is re-analyzed and the surrogate recovery is still out of the acceptable recovery range, the data should 
be reported and matrix interference should be noted in the raw data file. 

Samples must be analyzed within the 14 day holding time which begins on the date of sampling. 

If holding times are exceeded, results are considered unusable for regulatory work. 

For non-regulatory work, detection limits and positive results are considered estimated values and the holding 
time exceedance is noted in the raw data file. 

The laboratory established retention times should be used as a guide for identification of analytes. Analytes 
should fall within +/- 0.05 of the daily continuing calibration standard relative retention times. Internal 
standards should fall within 0.5.minutes of the retention times in the continuing calibration standard. 

If an analyte falls outside of this retention time window, a qualified analyst should determine if the analyte 
should be reported. 
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13.9.2 Analyte retention times are updated daily with the daily calibration standard and throughout the run using the 
internal standard as reference peaks. 

13.10 

13.1 1 

Refer to the most recent detection limit study for analyte reporting limits. 

For EPA level 3 - 5 data trip blanks should be prepared by conditioning and sealing thermal desorption trap in 
the lab and have it accompany a set of traps out into the field. Upon it’s return the trip blank should be 
analyzed to determine whether or not there exists any cross-contamination. 
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Table 1 

System Performance Check Compounds (SPCC) 

Chloromethane 
1 ,I-Dichloroethane 

Chlorobenzene 
Bromoform 

Bromobenzene 

Continuing Calibration Check Compounds (CCC) 

Vinyl Chloride 
1 ,I-Dichloroethene 

1 ,ZDichloropropene 
Toluene 

Ethyl Benzene 
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Table I1 

EPA Data Quality Levels 

.eve1 1: Field screening or analysis using portable instruments. Results are often not compound specific and 
not quantitative but results are available in real time. 

.eve1 2: Field analysis using sophisticated analytical instruments; in some cases the instruments may be set up 
in a mobile or on-site laboratory. a wide range in the quality of data can be generated. Quality depends 
on the use of suitable calibration standards, reference materials, and sample preparation equipment; and 
the training of the operators. Results are available in real time to several hours. 

.eve1 3: Analyses performed in an offsite analytical laboratory using standard documented procedures. The 
laboratory may or may not be a CLP laboratory. 

.eve1 4: CLP routine analytical services. All analyses are performed in an offsite CLP laboratory following 
CLP protocols. 

.eve1 5: CLP data and evidence of adherence to protocols is provided to agency or client. 
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cetane 

benzene 

tomobenzene 
lromochloromethane 
lromodic hloromethane 

lromoform 

lromomethane 

-Butylbenzene 

ec-Butylbenzene 

:rt-Butylbenzene 

:arbon disulfide (708) 

:arbon tetrachloride 

:hlorobenzene 

:hloroethane 

:hloroform 

Zhloromethane 

!-Chlorotoluene 
I-Chlorotoluene 

Xbromochloromethane 

, ,2-Dibromo-3-chloropropane 

I ,ZDibromoethane 

j i  bromomethane 

I ,2-Dichlorobenzene 

I ,3-Dichlorobenzene 

I ,4-Dichlorobenzene 

3ichlorodifluoromethane 

I ,  1 -Dichloroethane 

1,2-Dichloroethane 

I ,I-Dichloroethene 

:is- 1,2-Dichloroethene 

5 -a/ Bo 0 - QPJ -67. 'j 
SOIL tiAS S U K V E Y  AND 

,SHALLOW SOIL SAMPLING 
APPENDIX B 

TARGET ANALYTE LIST 

'ans- 1,2-Dichloroethene 

khloromethane (728) 

,2-Dichloropropane 
,3-Dichloropropane 
,ZDichloropropane 

, 1 -Dichloropropene 

ithylbenzene 

iexachlorobutadiene 

iydrogen sulfide (687) 

sopropy lbenzene 

dethane (687) 

dethylene chloride 

vlethyl ethyl ketone (1,4 15) 

rlapthalene 

I-Propyl benzene 

j tyrene 

I ,  1,1,2-Tetrachloroethane 
I ,1,2,2-Tetrachloroethane 

retrachloroethene 

roluene 

1,2,3-Trichlorobenzene 

1,2,4-Tnchlorobenzene 

1 , l  , l  -Trichloroethane 

1.1 ,2-Trichloroethane 

Tric hloroethene 

Trictiloro fluoromethane 

1,2,3-Trichloropropane 

1,2,4-Trimethylbenezene 

1,3,5-Trirnethylbenzene 

Vinyl chloride 

&Xylene 
m-Xylene 

p-Xy lene 

. 

'ote: Compounds listed with numbers in  parentheses are compounds not detectable using the 502.2 method. The 
umbers in parentheses indicate the number of analyses for the particular compounds that are required. All other 
3mpound analyses will total 1,578 by EPA 502.2. The Subcontractor shall propose appropriate methods to detect the 
dditional compounds at the specified detection limits. 

I 

I 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for clearing drill sites and intrusive work sites within Individual Hazardous Substance 

Sites (IHSSs). Geophysical clearing will be implemented to ensure that selected locations are free 

of buried metal objects to a depth of 18 feet and metal utility lines. .This SOP describes geophysical 

administrative clearance techniques, and geophysical data reduction and analyses that will be used 

for field data collection and documentation. . 

The geophysical techniques that are employed involve electromagnetic (EM) techniques, a magnetic 

locator, and ground penetrating radar (GPR). EM and magnetic surveys can be used for identifying 

areas where subsurface metal objects might be located. The techniques indicate contrasts in 

conditions due to variations in the electrical conductivity or magnetic properties of subsurface 

materials. GPR is useful for detection of shallow variations in the subsurface dielectric constant. 

A magnetic locator can be used when the clearing depth-of-interest is 18 inches or less. EM 

techniques and a magnetic locator will both be used when the clearing depth-of-interest is deeper 

than 18 inches. Generally, GPR is applicable to depths.of 0-6 feet at the RFP site. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supervision of the geophysical surveys will be conducted by EG&G personnel. Project 

staff performing these surveys will be trained geophysicists or trained personnel with a s w c a n t  

amount of geophysical field experience. The subcontractor's project manager will document 

personnel qualifications related to this procedure in the subcontractor's project QA files. 

The subcontractor's project manager is responsible for obtaining administrative borehole clearance. 

(401 1-9300411-QJo)(GnOREV2)(R)/02/92) 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A ComDendium of SuDerfund Field ODerations Methods. EPA/540/P-87/001. December 1987. 

Guidance for Conductinp Remedial Investipations and Feasibilitv Studies Under CERCLA. Interim 

Final. EPA/540/G-89/004. October 1988. 

RCRA Facilitv Investieation Guidance. EPA. Interim Final. May 1989. 

4 2  INTERNAL REFERENCES 

A related SOP cross-referenced by this SOP is: 

SOP GT.18, Surface Geophysical Surveys 

5.0 GEOPHYSICAL EQUIPMENT AND PROCEDURES 

5.1 INTRODUCTION 

Borehole clearing using geophysical methods will be employed within an IHSS where buried 

trenches are known to exist or where buried metal may be present. Surface geophysical surveys 

have been conducted at the RFP. Research of these previous geophysical surveys should be 

exhausted prior to conducting the following procedures. . 
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Instruments used for geophysical clearing will be recalibrated and recertified, if required. The date 

of the manufacturer’s last calibration and certification will be documented on the Borehole Clearing 

Analysis Form (Form GT.1OA). 

Each instrument will have a field calibration check prior to and after field use. Personnel 

performing the field calibration check should refer to the manufacturer’s instructions. An example 

of a field calibration check would be to use the instrument over a known buried object. If the 

instrument does not respond appropriately, the instrument should be returned to the manufacturer 

for recalibration and recertification. 

Geophysical methods have limitations which must be considered when implementing a geophysical 

survey. In some instances, the limitations may be sufficient to make the geophysical results 

ambiguous or non-conclusive. Therefore, it is imperative that an experienced geophysical operator 

conduct the clearing of boreholes. 

Electromagnetics, magnetics, and GPR are influenced by surface cultural features, such as fences, 

power lines, and metallic debris. These cultural effects can be mitigated by the use of a directional 

magnetic locator, which responds to a magnetic gradient. However, if borehole clearing is being 

performed within 40 to 50 feet of a cultural feature, reliable geophysical clearing may be difficult 

to achieve. In cases where a site cannot be definitively cleared, the location will be moved to the 

nearest clearable location. 

5.2 ELECTROMAGNETICS 

An EM survey can be used to detect ferrous and nonferrous metals as well as areas of high 
inorganic contamination. This method involves the induction of electrical current into the ground. 

A small alternating current passing through a transmitter coil produces a primary magnetic field. 

Through inductive coupling, the primary magnetic field produces small eddy currents in the 

(4011-93QMnl-930)(GT10REVZ)(U3/02/92) 
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subsurface which, in turn, create their own secondary magnetic field. The receiver coil senses both 

the primary and secondary fields. This results in an output voltage that is linearly related to the 

terrain conductivity. The instrument then converts the voltage to a ground conductivity value which 

can be recorded by a strip recorder or digital logger. Electrical conductivity is a function of the soil 

or rock composition, the porosity and permeability of the rock units, and the conductivity of the 

fluids filling the pore spaces. The conductivity values are subsequently plotted on a map so that 

their variation over the site can be analyzed. 

A Geonics EM-31, EM-38, or equivalent ground conductivity meter will be used for the EM surveys. 

Through the use of the horizontal dipole mode (HDM), the EM-31 has a depth penetration to 9 

feet. When deeper penetration is required, the vertical dipole mode (VDM) will be used in 

addition to the HDM. This scenario will provide high resolution detection of objects to 9 feet and 

will allow detection of larger metal objects to 18 feet. The size of a metal object that can be 

detected is proportional to the depth of burial. For shallow investigation (less than 9 feet), the 

HDM provides the greatest resolution and can normally detect objects as small as a 1-foot length 

of rebar. By monitoring the in-phase component of the induced magnetic field, small amounts of 

subsurface metal can be detected. For high resolution of depths less than 5 feet, the EM-% can 

be used. Table GT.lO-1 summarizes instrument modes and applications. 

Table GT.lO-1 
EM INSTRUMENT MODE APPLICATION 

Instrument u DeDth of Penetration fft) 

EM-31 

EM-% 

HDM 
VDM 

HDM 
VDM 

9 
18 

2.5 
5 

Approximate Size of 
Detected Obiect 

1-foot piece of rebar 
Steel drum 

(401 19304071930)(GTlOREV2)(U3/02/92) 
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52.1 List of Necessary Equipment 

The following is a list of equipment that will be necessary to complete an EM s h e y :  

b 

b 

A Geonics EM-31, EM-38, or equivalent terrain conductivity meter 

Digital logger and/or analog strip recorder (when data collection is over large grid 

area) 

Appropriate health and safety equipment 

Wood stakes or lath 

flagging 
Field notebook 

Black waterproof (permanent) pens 

Form GT.lOA, Borehole Clearing Analysis (see Section 7.0, Documentation). 

5 2 2  Field Procedure 

A standard field procedure for conducting an EM survey is initiated by a reconnaissance survey of 

each drill site. The survey will involve a review of existing magnetic data at the site, a review of the 

site utility plans, an acknowledgement from the telephone and utility site locators that the site is 

clear of these utilities, and a field check for overhead wires, pipes, or other objects that may restrict 

drilling operations. Note surface conditions of the site on Form GT.1OA (see Section 7.0, 

Documentation) including excessive and/or.large metal objects on the ground surface and large 

variations in topography. Following the instrument manufacturer’s instructions, initiate a site survey 

traverse on an approximate 1-foot grid, clearing a minimum of 6 feet around the drilling location 

stake. When anomalous values indicative of buried metal are observed, record the anomaly on 

Form GT.1OA. If an anomaly is not present, document the results on Form GT.1OA. 

(401 I-sUran1-930)(Cn0W2)(Ca/02/92) 
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Drilling locations with anomalous values will require moving the location to the nearest "clear" area. 

By using the above procedures, determine an area within 50 feet of the or&nal drilling location that 

is free of anomalies. Mark the new drilling location with a wood stake and document the new 

location on Form GT.1OA. Notify the project site manager of the new location. 

For larger areas or for locating buried trenches or pits, follow a surveyed grid pattern when 

traversing with the EM instrument. If the grid is not surveyed prior to the EM traverse, place a 

wood stake marker at the end, of each traverse and document the marker location on the field data 

record (Form GT.1OA). All EM traverses should be documented on a field map during the survey. 

For larger areas, a portable computer may be required to quickly analyze the data and facilitate the 

location of additional survey lines. 

53 MAGNETIC U)CATOR 

A magnetic locator detects magnetic fields associated with certain objects. The depth of 

investigation depends on the size of the object. The Schonstedt magnetic locator, for example, can 

detect well casings up to 15 feet deep; however, a 1 1/4-inch nail can be detected only to a depth 

of 8 inches. 

A magnetic locator responds to the magnetic gradient between two magnetic field sensors (A and 

B). If no anomalies exist, the magnetic field between sensors A and B is balanced, and a 40 Hz 

frequency signal is heard on the magnetic locator's audio output. This frequency output (40 Hz) 

is the ambient magnetic field of the earth. However, when the magnetic field becomes stronger at 

sensor A (located at the bottom of the locator) than at sensor B, the output signal increases in 
frequency. When the tip of the locator is directly over the ferrous object, the audio signal increases I 

to its highest frequency. I 
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53.1 List of Necessary Equipment 

The following is a list of equipment that will be necessary to complete a geophysical survey: 

0 Schonstedt Model GA-52B magnetic locator or equivalent 

Appropriate health and safety equipment 0 

0 Wood stakes or lath 

0 Flagging 

0 Field notebook 

0 Black waterproof (permanent) pens 

Form GT.lOA, Borehole Clearing Analysis (see Section 7.0, Documentation) 

5 3 2  Field Procedure 

The field procedures for a magnetic survey are the same as the procedures described for the EM 

survey (Subsection 5.2.2). 

5.4 GROUND PENETRATING RADAR 

Ground penetrating radar (GPR) has been used for mapping shallow geologic interfaces, delineating 

shallow bedrock, locating voids in concrete or limestone, and fmding buried pipeline or 

reinforcement bars. 

GPR involves a system that transmits electromagnetic pulses into the ground from an antenna near 

the surface. These pulses are reflected from a variety of subsurface interfaces back to a receiver. 

As the antenna is towed along a survey line, the GPR signals are processed and displayed on a 

graphic recorder. The displayed data is a two-dimensional continuous profile along the surveyed 
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line depicting time versus distance. The display is very similar to a geologic section, except that the 

record is a time section rather than a depth section. 

GPR has excellent resolution of subsurface features when favorable conditions exist. However, 

actual depth penetration is highly site-specific and depends on the near-surface soil conductivity. 

Highly conductive soils, such as clays, can reduce penetration to less than three feet. Less 

conductive materials, such as limestone, will allow depth penetration of 30 - 50 feet. 

5.4.1 List of Necessary Equipment 

The following is a list of equipment that will be necessary to complete a GPR survey: 

GSSI SIR System-3 or equivalent radar system 

Flagging 

Lath or wooden stakes 

Field notebook 

Black waterproof (permanent) pens 

Tape measure (200 feet minimum) (Note: for relatively smooth surfaces, a 

measuring wheel can be substituted) 

Extra paper for profile recorder 

Extra stylus(s) for profile recorder 

(401 I~93WU71430)(GTlOREV.2)(03/02/92) 
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0 Form GT.lOA, Borehole Clearing Analysis (See Section 7.0, Documentation) 

5.42 Field Procedure 

A standard field procedure for collecting GPR data is described below. Prior to GPR data 

collection, two preliminary procedures must be conducted. These are: 

0 Design appropriate field parameters, given the purpose of the survey (orientation 

of lines or grid, grid spacing, frequency or antenna, antenna shielding, etc.). 

0 Locate endpoints dong each line in addition to any other points of interest, and 

denote these locations in the field with lath or other wood stakes. , 

Design of appropriate field parameters must consider the following: 

0 The antenna and associated transmitter frequency used must optimize the 

penetration depth and required resolution given the survey purpose. Typical 

frequencies are 80 Mhz, 100 Mhz, 120 Mhz, 300 Mhz, 500 M 4  and 10oO Mhz. 

Higher frequency antennas allow greater subsurface resolution, but penetration is 

reduced over that of lower frequencies. To optimize results, surveys should be 

designed to have a minimum of two antenna frequencies available. For most 

clearing applications, a 300 Mhz or 120 Mhz antenna will be appropriate. 

0 For grid areas, intraline spacing affects resolution; a spacing of 2 to 20 feet is 

commonly used for clearing applications. Actual spacing chosen must consider 

overall project objectives. 

. (4011-93ooQl1930)(~0REv.2)(~/02/92) 
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0 Method of antenna towing must be evaluated given the site conditions. For 

smooth surfaces or terrain, the antenna can be towed directly on the surface. For 

areas with significant vegetation or surface stones and rocks, the antenna may need 

to be suspended 6-18 inches above the ground or carried in a plastic non- 

conductive wagon to prevent antenna damage and potentially dubious GPR data 

collection. 

0 Antenna shielding will be considered and appropriate shielding provided given the 

site conditions. Surface features such as fences, power lines, etc. can cause 

interfering reflections on the radar record. 

A standard field procedure for conducting a GPR survey is described below. 

1. Perform a visual survey along the proposed lines. The visual survey will include 

a review of site utility plans; check for overhead wires; check for manhole covers, 

buried cables, buried gas line indicators, or cased monitoring wells; and have site 

locators confirm the presence of any possible telephone and utility features. Note 

features in the field notebook. 

2. In the field notebook, note excessive amounts of large pieces of metal on the 

ground surface. 

3. In the field notebook, note large nearby variations in topography or building 

(within 50 feet). 

4. Note moisture content of surveyed media, in addition to relative clay content, as 

these will affect penetration depths. 
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5. Conduct a test line using manufacturer’s procedures. Instrument settings must be 

optimized to obtain appropriate data given project goals. Specific recording 

parameters that must be optimized include, but are not limited to, the following: 

0 Radar scan speed 

a Signal range gain 

0 High and low pass filter settings 
0 ,Time range for recording 

0 Recording prhter speed 

0 Antenna towing speed 

a Transmitter pulse rate 

Instrument settings should be varied during the test line to determine the optimum 

recording parameters. When possible, the test line should be conducted over a 

known buried feature in the survey area to help instrument setting optimization, 

and help calibrate penetration depths. 

6. Initiate site survey traverse. Beginning at the GPR line endpoint, tow the antenna 

along the line with appropriate speed determined from test line, and use optimum 

instrument settings determined from the test line. Continue the above procedure 

for the entire line and subsequent grid lines. 

7. If hard copies of each line of data from the printer are made, label all notations 

on the record to correspond to notes made in the field notebook, including 

recording parameters. 

8. Permanent copies of this GPR data must be retained digitally on tape or disk, or 

on hard copy plots. 

(401 l-~lsM)(GTlORevl)(m/02/92) 
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5 5  DATA ANALYSIS 

When the anticipated hazards are isolated pieces of metal, borehole locations will be cleared to a 

minimum of 6 feet around the drilling location stake. In these cases, data will not be retained for 

later analysis, but the results will be documented on Form GT.1OA. If an anomalous area within 

6 feet of the borehole location stake is identified, the borehole location will be changed to an 

anomaly-free area within 50 feet of the original borehole location to minimize the possibility of 

contact with any anomalous material below the surface. 

When the hazard is buried trenches or pits, larger areas will have to be geophysically surveyed to 

clear borehole locations. In these cases, electromagnetic data will be collected with a digital data 

logger. The data will be transferred to a personal computer for analysis. Adjustments to the boring I 
I t 

location (if required) will be made after the data are analyzed and interpreted. 

In both of the above cases, Form GT.1OA will be used to document the procedures and reasoning 

for the relocation or approval of a borehole location. 

At all times, geophysical data will be collected and interpreted in a conservative and prudent 

manner. Additionally, appropriate levels of caution will be exercised by al l  field crews involved in 

intrusive activities, even on geophysically "cleared" boring locations. 

6.0 ADMINISTRATIVE BOREHOLE CLEARANCE 

Administrative borehole clearance will be required for drilling operations at the RF" and will 

consist of excavation authorization. Copies of the required forms are included in Section 7.0, 

Documentation. 
I 

(401 lao4o7laO)(~l0REv2)(m/o2/92) 
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6.1 RADIOLOGICAL WORK PERMIT 

Radiological work permits will be required for drilling operations in Radiologically Controlled 

Areas, which may include IHSSs. These permits will be issued by the Radiological Engineering 

Department. These permits will remain valid until completion of the work for which the permit was 

issued. 

Daily work permits will be required for drilling operations within the Protected Area (PA). 

The Radiological Work Permit will be kept at the drill site in the contamination reduction or 

support zone. 

6 2  SOIL DISTURBANCE ASSESSMENT AUTHORIZATION 

Operations involving drilling or excavating will 'require approval from the Soil Disturbance 

Assessment Committee prior to beginning work. 

Initiation of the process begins by contacting the EG&G Environmental Operations Division and 

completing the Soil Disturbance Assessment Committee Evaluation Form (see Section 7.0, 

Documentation) with the project-specific information. 

Approval by the Soil Disturbance Assessment Committee is required for each project and will be 

valid for a period of 60 days. 

A copy of the approval form will be kept at the work site in the contamination reduction or support 

zone. 
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A Land Use Request Form (see Section 7.0, Documentation) will be required for excavation and/or 

drilling work in the RFP buffer zone. 

7.0 DOCUMENTATION 

A 'permanent record of the implementation of this SOP will be kept by documenting field 

observations and data. The date of the manufacturer's most recent calibration and certification will 

be documented if this information is available. Field calibration checks, geophysical observations, 

and data will be documented on the Borehole Clearing Anhysis Form (Form GT.1OA). 

Administrative clearances will be documented on the Environmental Management excavation 

authorization. The Soil Disturbance Assessment Committee Evaluation Form and Land Use 

Request form are attached. 

(401 I~l.~)(CnOREV2)(03/02/92) i 



US.  DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1OA (REV. 2) 

Ma. 
Depth of Anomaly 
Interest Present 

(Ft) (Y/N) 

BOREHOLE CLEARING ANALYSIS 

Comments or Action 

Project Name: 

Date: Operator: 

Location 
(Borehole ID and 

Coordinates, if 
Available) 

Survey Type: Instrumentation: 

Surface 
Condition 

Date of Last Calibration and Instrument Certification: 

Field Calibration Dates: 

t 
t 

I I 

I 

I I 

Completed By: 
Prinl Name S i W  D u e  

Subcontractor: a 
(401 lacroo7l-~)(Cn0REv2)(oJ/02/92) 



U S .  DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

SOIL DISTURBANCE ASSESSMENT COMMI'ITEE 
EVALUATION FORM 

The purpose of this information is to assist the committee in identifying the potential hazard(s) associated 
with this soil disturbance. 

Group Phone/Pager REQUESTOR: Name 

CHARGE # JOB TITLE: 

Will the disturbance occur in or near an INDIVIDUAL HAZARDOUS 
SUBSTANCE SITE (IHSS, formerly S W U ) ?  

Are overhead utilities present? 

Are underground utilities present? 

f 

Will a utility outage be required? 

IS THE EXCAVATION FOR: 

sampling Drivep rods/posts 

Post holes Other types 

Trenching 

Grounding 

IF SAMPLING: Soil removal by hand? 

Depth of drilling 

IF CONSTRUaION: 

Hand digging only? 

Drilling? 

Diameter 
1 

Will mechanical equipment be required? What type? 

Depth of excavation 

Width of excavation 

Length of excavation 

Will shoring be required? 

Requestor shall fill out this form and submit it along with information required in SOIL DISTURBANCE 
GUIDELINE to EXCAVATION ADMINISTRATOR. 

RJ.  LaBorde a T130F 
X2538, D-0719 

(401 l ~ ) ( G ~ 2 ) ( 0 3 / 0 2 / 9 2 )  
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After completion the Excavation Package will be forwarded to FE for utility determination. The 

package must then be signed by FE, EM, and CS. A copy of the Excavation Package will be 

included as an appendix in the Integrated Work Control Package. 

Prior to the start of work, the Excavation Specialist will survey the jobsite for utility 

interferences and give a field briefing to the supervisors and workers. The briefing will give 

details on any known hazards and/or precautions. The Excavation Package and/or the 

Integrated Work Control Package (IWCP) will then be signed by the Excavation Specialist. 

The Excavation Specialist is responsible for inspecting the site daily when personnel entry is 

required. Upon completion of the inspection, the person that performed the inspection will 

initial the Rocky Flats Soil Disturbance Approval Form (see attached). This fonp will be 

maintained with the IWCP as part of the Excavation Package. ' 

(401 l&SKI%6W)(GT24REV.O)(5/11/92) 
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PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to plug and abandon (PSrA) wells. Plugging refers to the physical process of filling' 

the well cavity with grout while abandonment refers to the completion and documentation of all 
requirements of this SOP. Abandonment involves plugging the well with grout and all related 

activities and documentation as described in this SOP. For the purpose of this SOP, a well is 

defined as a ground penetration intended for monitoring the chemical, physical or potentiometric 

properties of groundwater, a ground penetration intended for production of groundwater, or a 

ground penetration of unknown status. Abandonment of boreholes, which are defined as ground 

penetrations drilled primarily for obtaining geologic and environmental information, is addressed 

in SOP GT.5, Plugging and Abandonment of Boreholes. 

I 

This procedure also establishes the administrative requiiements for incorporation of the State of 

Colorado, Department of Natural Resources, Office of the State Engineer, Division of Water 

Resources, Rules and Regulations, 2CCR 402-2 into well abandonment activities. 

Prior to beginning any plugging and abandonment procedures, the Project Manager shall no* 

Environmental Science and Engineering, Geosciences Division. This prior notification will allow 

for the final opportunity to perform any necessary sampling and/or hydrologic measurements. 

PERSONNEL QUALIFICATIONS 

Personnel overseeing the abandonment of wells will be geologists, geotechnical engineers, or field 

technicians with an appropriate amount of applicable field experience or on-the-job training under 

the supervision of another qualified person. 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a List of references reviewed prior to the writing of this procedure: 

Aller, L., T.W. Bennett, G. Hackett, R J .  Petty, J.H. Lehr, H. Sedoris, D.M. Nielsen, and J.E. 

Denne. Handbook of Suceested Practices for the Desim and Installation of Ground Water 

Monitorine Wells. EPA 600/4-89/03. National Water Well Association. 1989. 398 pp. 

Colorado Division of Water Resources, Board of Examiners of Water Well Construction and Pump 

Installation Contractors. Revised and Amended Rules and Regulations of the Board of Examiners 

of Water Well Construction and Pumr, Installation Contractors. 2CCR 402-2. 1988. 29 pp. 

U.S. Environmental Protection Agency. RCRA Ground Water Monitoring Technical Enforcement 

Guidance Document. Office of Solid Waste and Emergency Response. OSWER-9950.1.1986. 317 

PP. 

U.S. Environmental Protection Agency. Manual of Water Well Construction Practices: Office of 

Water SUDRI~ .  EPA-570/9-75-001. 1975. 156 pp. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F0.3, General Equipment Decontamination 

0 SOP F0.4, Heavy Equipment Decontamination 

0 SOP F0.6, Handling of Personal Protective Equipment 
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SOP F0.7, Handling of Decontamination Water and Wash Water 

SOP F0.8, Handling of Drilling Fluids and Cuttings 

SOP F0.10, Receiving, Labeling, and Handling Environmental Materials 

Containers 

SOP FO.11, Field Communications 

SOP F0.14, Field Data Management 

SOP GT.2, Drilling and Sampling Using Hollow-Stern Auger Techniques 

SOP GT.3, Isolating Bedrock from the Alluvium with Grouted Surface Casing 

SOP GT.4, Rotary Drilling and Rock Coring 

SOP GT.5, Plugging and Abandonment of Boreholes 

SOP GT.10, Borehole Clearing 
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5.0 EQUIPMENT AND PROCEDURES 

Several field activities will be conducted in the process of well abandonment that are addressed in other 

SOPS, primarily within Volume I -- Field Operations and Volume III -- Geotechnical. I 

5.1 MATERIALS AND EQUIPMENT 

The following materials and equipment may be used: 

Drill rig and associated equipment 

0 I Reduced pH bentonite grout (American Colloid "Pure Gold", or approved 

equivalent). 

. Concrete 

Portable metal tanks for concrete flushing and miXing 

High pressure steamer/spray 

Phosphate-free, lab-grade detergent (e.g., Liquinox) 

Drums for containment of borehole effluent and sediment 

Weighted tape measure 
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0 Spotlight 

W Health and safety monitoring equipment and personal protective equipment according 

to the Health and Safely Plan 

0 Well plugging and abandonment form 

5.2 PROCEDURES 

Equipment for plugging and abandoning boreholes will be used according to the pertinent requirements 

of SOP GT.2, Drilling and Sampling Using Hollow-Stem Auger Techniques and SOP GT.?, Rotary 

Drilling and Rock Coring. These requirements include use of contaminant-free lubricants only, and 

visual monitoring of equipment for hydraulic and/or fuel or oil leaks. All procedures will be 

conducted according to the Site Health and Safety Program Plan. If necessary, project-specific 

requirements will be addressed in a project-specific work plan. 

' 

Several methods of well abandonment are addressed in the following sections. Selection of the 

appropriate method of abandonment for a given well must be addressed in the project-specific work 

plan, based on information compiled for the well. Factors to be considered in selecting the 

abandonment method include: 

0 Casing material 

0 Casing condition 

0 Diameter of casing and borehole 

Type and quality of original seal 0 

0 Depth of the well 

0 Hydrogeologic setting 

0 Plumbness of the well 

73 j 
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e Location and type of zone(s) where contamination occurs 

The method selected for well abandonment should be consistent with the following purposes of well 

abandonment: 

e Prevention of groundwater and soil contamination via the well 

Prevention of intermixing of subsurface water via the well 

Conservation of hydraulic characteristics of hydrogeologic units 

e 

e 

e Minimization of physical hazards 

Regardless of the method selected for well abandonment, all wells will have the original pad removed 

(if present) at the start of abandonment operations. Concrete well pads will be monitored for chemical 

and radiological contamination. Contaminated areas will be marked with paint sticks and then the pads 

will be broken up using appropriate tools, such as sledge hammers, pick axes, orjackhammen, in such 

a way as to isolate the contaminated areas. The underside of the pad will then be monitored for 

chemical and radiological contamination and all contaminated areas will be marked as above. All 

uncontaminated materials from well pads will be sent to the landfill. All contaminated materials will 

be decontaminated in the field. After decontamination, the materials will be monitored and clean 

material will be sent to the landfill. Material that is not monitored as clean will be stored in drums 

on pallets at the site pending further characterization. Drums will be labeled as per SOP FO.10 

Receiving, Labeling, and Handling Environmental Materials Containers. 

5.2.1 Abandonment Requiring Casing Removal 

If casing removal is specified in the work plan, four methods may be considered: 

e casing pulling 

e Casing destruction 

(a1 I-930.am-rnGTI InEV.z)(1rnr93) 

'73 (0 
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0 Overdrilling 

0 Overcoring 

5.2.1.1 Casing Pulling 

Casing may be pulled using hydraulic jacks or the lifting capabilities of the drilling rig. A vibration 

hammer may also be used to augment the pulling. A high viscosity bentonite drilling mud may be 

placed in the casing to minimize collapse of the borehole walls as the casing is pulled. After the 

casing has been pulled, the borehole must be reamed to a diameter larger than the original hole to 

remove the annular materials in order to promote a good seal between the borehole wall and the new 

grout. ., 

5.2.1.2 Casim Destruction 

Destruction of the casing can be accomplished by drilling out the casing in place. Either hollow-stem 

auger or rotary drilling methods may be appropriate. A pilot bit or guide attached to the lead auger 

or tricone bit is advanced within the well casing as a guide in drilling out the casing. A high viscosity 

bentonite drilling mud may be placed in the casing and periodically added as the boring is advanced. 

Thorough removal of the annular grout should be undertaken, either by drilling the boring to 

approximately the same diameter as the original borehole, or by tPaming the borehole to destroy the 

' 

casing after rnaking the initial run. I 

/ 

5.2.1.3 Overdrilling 

For the purpose of this SOP, overdrilling refers to the use of hollow-stem augers to drill around the 

well casing. The hollow-stem auger should have an inside diameter of at least two inches larger than 

the well casing, and the auger flights should be at least the same diameter as the original borehole. 

The augers will be drilled to the full depth of the original boring. If possible, the casing will be pulled 



, 
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with the augers in place. If the casing should become stuck within the hollow stem, water may be 

forced down the casing and out the screen in an attempt to free the casing. If this procedure fails, the 

casing must be pulled simultaneously with the augers. Reaming will be necessary after the casing is 

pulled to remove any remaining annuIar materials and debris. 

5.2.1.4 Overcoring 

For the purposes of this SOP, overcoring refers to the use of drilling equipment to overcore the well 

w i n g  with a core bit. The core bit should have an inside diameter at least hvo inches greater than 

the outside diameter of the well casing. The casing will be overcored to its total depth and pulled prior 

to or simultaneously with the drill rods. The boring will then be reamed to a diameter larger than the 

original hole to remove annular materials and debris. 

5.2.2 Abandonment Without Casing Removal 

If specified in the work plan. the well may be abandoned with the casing left in place. Wells which 

do not penetrate a confined hydrostratigraphic unit (HSU) may be grouted as addressed in Subsection 

5.2.3. Wells penetrating more than one aquifer or contaminant zone may also be abandoned with the 

casing left in place. If, however, documentation of the well does not clearly indicate that the casing 

opposite each confining layer or between two contaminant zones has been properly grouted, or if the 

well is otherwise known to be nonviable due to absent or inadequate grouting, the w i n g  in such 

intervals must be perforated or ripped. These intervals will require pressure grouting. 

5.2.3 Grouting 

Unless specified in the work plan due to site-specific conditions, grout shall consist of American 

Colloid Company "Pure Gold" grout, or approved equivalent, mixed in a powered mechanical grout 

mixer according to the manufacturer's recommendations. The grout will contain at least 30 percent I 
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solids by weight and have a minimum density of 9.9 pounds per gallon after mixing. A mud balance 

will be used to check grout density prior to pumping for each borehole. Grout will be emplaced by 

pumping through a tremie pipe or drill stem, with the bottom end of the pipe always being maintained 

below the top of the grout slurry within the well. It is advantageous to begin the grouting process with 

hollow-stem augers or temporary casing in the borehole, removing sections as the grouting progresses 

in order to minimize borehole collapse. Grout should be applied in as nearly as continuous a 

procedure from bottom to top as is practical to minimize segregation, dilution and bridging problems. 

If possible, the tremie pipe should be kept near the bottom of the well, and the grouting continued until 

it is purged from the borehole undiluted. 

To abandon wells in HSUs with high permeability, clean sand may be placed by trernie pipe up to the 

static water level (in unconfined HSUs) or to the confining layer (in confined HSUs). A seal of 

hydrated bentonite will be placed above the sand. After allowing sufficient time for the hydration of 

the bentonite seal, the well will be grouted to the surface as described above. 

5.2.4 Surface Protection 

If casing is left in place, a water-tight cover must be permanently fixed to the top of the casing. 

Remaining casing may be cut off a minimurn of one foot below ground level provided the permanent 

cover is attached and original surface contours are restored. 

For all wells, concrete will be placed above the top of the bentonite grout, after allowing sufficient 

time (24 hours minimum) for the grout to set. This concrete should extend three to five feet below 

the ground surface. At the surface, the concrete will consist of a slab, shaped within a concrete form I 
at least six inches thick (vertical dimension), with a diameter no Iess than two feet greater than the 

diameter of the well. The form should be dug slightly into the ground so that the surface of the 

finished concrete slab will be one or two inches above the ground surface. Welded wire fabric 

(IO-gauge or heavier 6-inch x 6-inch) shall be placed at middepth in the slab. 

. 
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When the concrete slab is semi-hard, a stainless steel or aluminum plate with well ID and date of 

abandonment will be anchored to the surface of the slab. The date on which abandonment of the well 

was completed will also be written in the surface of the concrete while semi-hard. 

6.0 EQUIPMENT DECONTAMINATION 

Pertinent decontamination procedures described in SOP F0.3, General Equipment Decontamination. 

and SOP F0.4, Heavy Equipment Decontamination, will be followed. Decontamination and wash 

water will be handled according to SOP F0.7, Handling of Decontamination Water and Wash Water. 

7.0 HANDLING AND STORAGE OF MATERIALS 

The materials removed as part of the well abandonment process will include: 

0 Large solids (e.g., lengths of semi-intact well casing) 

Small solids (e.g., drill cuttings, old grout, destroyed well casing) 

Liquids (e.g., drilling fluids, excess grout and formation water) 0 

The following describes the methods which will be followed to handle and store these materials. 

7.1 CASING 

Casing pulling, overdrilling, and overcoring will result in the recovery of intact lengths of cas'ing from 

the borehole. Casing will be cut into manageable (e.g., 20 feet) lengths as it is removed from the 

borehole and further cut into sections no more than 5 feet. The casing will be screened for 

radionuclides and volatile organic compounds (VOCs). The casing will be cleaned with a brush to 

remove major dirt andor debris. 
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All casing determined to be above any VOC or radiologicai background level will be wrapped in 

plastic sheeting or plastic bags, taped shut, and transported to the central decontamination station. The 

casing will be decontaminated using a high pressure, hot-water washer. 

After cleaning and/or decontamination, the casing will be screened and stacked into piles on plastic 

tarp and covered with another tarp until routed for the appropriate method of disposal. 

7.2 SMALL SOLIDS AND SEh.II-SOLIDS 

These materials (e.g., small pieces of casing, concrete, drill cuttings, etc.) will be handled according 

to SOP F0.8, Handling of Drilling Fluids and Cuttings. 

7.3 LIQUIDS 

Liquids displaced from the borehole during grouting will be collected and handled according to SOP 

F0.5, Handling of Purge and Development Water, and SOP F0.8, Handling of Drilling Fluids and 

Cuttings. This will require provisiocis at the ground surface to collect fluid, such as a portable 

"keyhole" pit or berm around the top of the borehole or casing discharging into a tank. In deep 

boreholes when relatively large quantities of fluids are anticipated, more elaborate measures such as 

grading the area and constructing lined pits, may be required to control displaced environmental 

materials. This will be addressed in a project-specific work plan. 

I 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1IA (REV. 2) 

WELL PLUGGING AND ABMONMENT FORM 

1. Well Specifics: 
a. Well Id. No. 
b. Reported Well Depth (feet) 
c. Field Well Depth (feet) 
d. Number of Screens 
e. Screened Interval(s) (feet) 
f. Screen Diameter(s) (in.) 
g. Screen Type(s) (SS or PVC, etc.) 
h. Casing Diameteds) (in.) 
i. Casing Type (PVC, steel, etc.) 
j. Stickup or Flush Mount 
k. Penetrates Confining byer(s) (Y or N) 
1. Aquifer(s) Monitored 

2. Reason for Abandonment: 

3. Abandonment Specifics: 
a. Date Abandonment Started 
b. Date Abandonment Completed 
c. ID Number of Field Book Used 
d. Site Personnel 

~ ~ 

e. Drilling Method Used 
f. Grout Used 
g. Casing Removed (Y or N) 
h. Metal Detection Plate Installed cy’ or N) 
i. Concrete Pad Inscription 

j. Briefly Describe Abandonment Method: 

k. Disposition of Materials Removed From Well: 

4. Comments or Problems Encountered: 

Completed By: 
mNwm 5- Lhps 

Subcontractor: 

Attach one copy of Well Abandonment Log to this form when completed. Attach one copy of the Well 
Construction Lag (if available) to this form when completed. 
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I 

QUALITY ASSURANCE/QUALITY CONTROL 

Quality assurance (QA) and quality control (QC) activities will be accomplished according to 

applicable project plans as well as quality requirements presented in this SOP. 

DOCUMENTATION 

Information required by this SOP will be documented on the f l  3e 

V .  ki?gbe&Well/Borehole fir 

Abandonment Form (Form GTSA). Environmental materials handling will be documented 

according to SOP FO.S, Handling of Drilling Fluids and Cuttings. The information will be recorded 

in a logbook.. The Well/Borehole Abandonment Form will include, but not be limited to, the 

following information: 

Project, crew and location code 

Equipment descriptions (rig, tremie, pump, etc.) 

Water level in borehole prior to abandonment (if any) 

Weather conditions 

Borehole depth/diameter 

Volume of grout placed 

Type/length/diameter of casing/screen removed 

e Type/depth/diameter of casing/screen left in place 

Chronological record of activities 

Information on Form GTSA shall be entered into the field data capture program (Datacap) when 

released. Copies of the completed Well 

Abandonment Forms, signed by the task manager, will be delivered to the EG&G project manager. 

See procedure F0.14, Field Data Management. 

I 

93mTJ2.001 
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The Well/Borehole Abandonment Form No. (GTSA, Rev. 3) and a State of Colorado, Well 

Abandonment Report (State of Colorado, Form No. GWS-9, 7/89) will be completed and provided 

to the ERM Geosciences Division. The Geosciences Division will ,submit the Form No. GWS-9 to 

DOE for review, approval, and transmittal to the State of Colorado, Division of Water Resources. 

I 
APPENDIX 

~ 

Following well abandonment, the individual/company responsible for plugging the well wil l  provide 

the information disclosed on the form in Appendix 1, as requested to comply with Section 9. 
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APPENDIX 
Sheet 1 of 1 

WELL ABANDONMENT REPORT 
STATE OF COLORADO FOR&¶ NO. GWS-9,7/89 

WELL ABANDONMENT REPORT 
4BANDONED WELL NUMBEFl IF REGlSTEFlED 

I. INDIVIOUAUCOMPANY REStONSl8LE M R  PLUGGING I 
NAMES] 
Maling Address 
City. SL 30 
Phone ( I 

!. 1 ACTUAL WELL LOCATICN C 3 U W  

I - 
I. 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for conducting downhole geophysical logging. Geophysical logging may be 

accomplished by employing a variety of downhole instruments. Geophysical logging methods may 

include, but are not limited to, temperature log, caliper log, density log, focused log, induction log, 

micro log, neutron log, sidewall neutron log, spontaneous potential log, acoustic log, variable density 

and full-waveform sonic log, dip log, gamma ray log, or collar log. 

Accurate and dependable quantitative &alysu of the data requires that the logghg operation be of 

the best possible quality. The following sections describe all procedures that will be used to collect 

and document downhole geophysical data. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supervision of geophysical logging operations will be conducted by an EG&G or 

subcontractor representative. Downhole logging is to be performed by a qualified and reputable 

firm with geophysical logging expertise. 

Prior to any geophysical logging operation, the EG&G or subcontractor representative will contact 

the manager and/or supervisory operator of the logging service company to review the logging 

program and supply the information necessary to have all applicable equipment at the drill site 

when required. An appropriate suite of downhole logs will be agreed upon based on the project- 

specific objectives presented in the work plans. The subcontractor will have ultimate responsibility 

for data quality. 
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4.0 REFERENCES 

4.1 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP F0.16, Field Radiological Measurements 

0 

0 

< 

5.0 PROCEDURES 

The use of geophysical logging will be discussed in the project work plans. Given the project- 

specific objectives and the subsurface information required, an appropriate suite of logs will be 

proposed and agreed upon. The EG&G or subcontractor representative will subsequently provide 

the logging service company with all pertinent information required to conduct the downhole logging 

(e.g., objectives, types of Lithologies, etc.). The logging company will maintain access to any 

additional logging equipment requested by the EG&G or subcontractor representative and will 

provide the additional logging service within eight hours of the request. 

The subcontractor will notify the appropriate EG&G personnel of the initiation of downhole logging 

activities, including Security and Radiological Engineering-approved contractor Environmental 

Health and Safety Specialists. Prior to entry onto the RFP, downhole instruments will be examined 

by Security. Particular emphasis will be placed on checking the downhole instruments that have 

radioactive sources. The logging service company will be required to present documentation of 

downhole source certification. If a radioactive source will be used, the logging truck will carry the 

appropriate placards, and the source container will be appropriately labeled. 
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When the logging service company arrives at the drill site, the EG&G or subcontractor 

representative will review the logging program with the logging operator and provide infokation 

necessary for completing the Borehole Geophysical Logging Form (Form GTMA). Logging Units 

will be computerized and logs will be digitally recorded on tape or disk. The tapes or disks will 

become the property of EG&G and their final disposition will be determined at the end of the 

project. 

Field prints of all logs will be made; no portion of the log run, including calibration steps, will be 

destroyed. Field prints will be collected by the subcontractor's representative at the end of each 

day. Every effort will be made to complete logging in one day. I 

The EG&G or subcontractor representative, as well as any appropriate EG&G personnel, will have 

access to the logging unit at' all times in order to monitor logging activities. The subcontractor's 

field supervisor is responsible for notifying the logging company as soon as a hole is available for 

logging. Holes should be left open for as little time as possible. In the event of a stuck tool, every 

effort will be made to recover the tool. If the tool contains a radioactive source and cannot be 
recovered, State of Colorado guidelines will be followed in order to recover as much of the tool as 

possible, or the tool will be cemented in place. 

After completion of logging activities in a given borehole, all logging equipment will be 

decontaminated in accordance with SOP F0.3, General Equipment Decontamination and SOP 

F0.4, Heavy Equipment Decontamination. Radiation monitoring activities will be conducted by 

Radiological Engineering-approved contractor Environmental Health and Safety Specialists. If 

required, monitoring will be conducted for geophysical logging equipment and personnel before they 

leave the work area. All radiation monitoring will be done in accordance with SOP F0.16, Field 

Radiological Measurements and the Health and Safety Program Plan. 

I (*0llao4o73ao)(Cn~2)(03/02/92) 
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6.0 DOCUMENTATION 

Logging information will be documented on the Geophysical Borehole Logging Form (Form 

GT.15A). Prior to releasing the logging operator, the EG&G or subcontractor representative will 

check these forms for completeness. Forms will be completed in the field without transcribing from 
a field book or other document. This technique reduces offsite work hours for the geologist or 

geophysicist, reduces the chance for errors in manual copying, and allows the completed document 

to be field-reviewed immediately after logging. 

High quality, reproducible logs will be submitted by the logging service company to the 

subcontractor’s oftice within 10 working days after the logging run is completed. 

6.1 EQUIPMENT CALIBRATION 
4 

The geophysical logging company will calibrate all logging equipment before and after the logging 

run. The geophysical logging company will provide documentation to the subcontractor of all shop 

calibrations, surface calibrations, and calibrations performed before and after the logging run. The 

geophysical logging company will possess documentation of downhole instrument source certification 

for any radioactive tools. 

(401 193000~~)(GTlsREv2)(a)/02/92) 



US. DEPARTMENT OF ENERGY ROCKY FIATS PLANT FORM CT.1SA (REV. 2) 

GEOPHYSICAL BOREHOLE LOGGING FORM 

Project Name: 

Weather Conditions: Date: 

Borehole Identification: 

Logging Subcontractor: 

Hole Conditions: 
Fluid in Hole: 
Fluid Temp (“F): 
Fluid Resistivity: 

casing: 
Type of Casing: 
Casing ID (In.): 
Bit Size (In.): 

LOG RUNS 

0 Natural Gamma 
0 Neutron 
0 Spontaneous Potential 

Yes- No - 0 Short-Normal Resistivity 
0 Long-Normal Resistivity 
0 Caliper 
0 Temperature 
0 Gamma-Gamma Density 
0 Full-Waveform Sonic 
0 Other 

Yes - No - 0 Induction 

Comments: 

D u e  
Completed By: 

Print Nlme Signature 

Subcontractor: 
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Insert the following paragraph after the first paragraph of Section 5.1 : 

For surveying new well installations+dpiezometers. the land surveyor will be supplied with a copy of the approved Well 
Installation Notification Form (GT.6A) by the requesting Project Manager. The form will be used  to locate the new well site in 
the field and to verify the location code (well number) assigned by the Environmental Science and Engineering, Geosciences 
Division. 
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Reword the last sentence of Section 6.0 as follows: 

A numerical printout of all coordinates for the location code (well number) and data provided on 3 1 2 .  diskene along with a base 
map will be delivered to the Environmental Science and Engineering, Geosciences Division within ten working days of the 
completion of field surveying. 

fication, U O I .  TP#, ecc.) 
. 

!. 

Form GT.6A provides land surveyor with general field locality and verifies controlled location code of new well requested to be surveyed. 

Clarifies objects (well parts) to be coordinatesurveyedand revises ES&E to be receiver of survey documentation. 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to perform land surveying associated with all Environmental Management (EM) I 
activities. Accurate and dependable land surveying techniques are necessary to insure acquisition 

and documentation of data pertaining to the surface topography, geologic lithology, hydrogeologic 

and atmospheric regimes at the site. Reliable land surveying data are essential to determining 

accurate horizontal and vertical locations of data acquisition (sampling) points and to tie these I 
points into established map coordinates of the surrounding area. This SOP describes procedures 

to be used during the preliminary placement of sampling points and land surveying requirements 

to accurately locate the points prior to, or after, the data acquisition event. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supervision of the sampling point location and land surveying operations will be 

conducted by an EG&G or subcontractor representative. Preliminary location of the points may 

be performed by either EG&G or subcontractor personnel familiar with the project site and trained 

in the use of primary surveying equipment (e.g., Brunton compass, tape measures, plumb bobs). 

However, the actual land surveying activities required to document the sampling point locations for 

the project record will be performed by a professional land surveying subcontractor. The land I 
surveying activities will be conducted by, or under the direct supervision of, a licensed Colorado 

Professional Land Surveyor. 

Prior to any land surveying operation, the EG&G or subcontractor representative will schedule a 

meeting with himself, the cognizant plant surveyor, and the manager and/or.supervisory team leader 

of the surveying subcontractor to review the surveying program and supply the information 

necessary to complete the surveying program (e.g., list and location of wells or borings to be 

surveyed, approximate length and location of geophysical lines, etc.). Appropriate project-specific 

(401 laooo74~~)(GT17REv2)(m/o2/92) 
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4.0 

4.1 

5.0 

5.1 

objectives presented in the work plans will be discussed at this time. The subcontractor will have 

the ultimate responsibility for surveying data quality. 

REFERENCES 

INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP GT.6, Monitoring Wells and Piezometer Installation 

0 I SOP GT.7, Logging and Sampling of Test Pits, Trenches, and Construction 

Excavations 

0 SOP GT.8, Surface Soil Sampling 

0 SOP GT.lO, Borehole Clearing 

PROCEDURES 

PRELIMINARY LOCATION OF SAMPLING POINTS 

The proposed locations of the data acquisition points will have been discussed in the project work 

plans with the locations indicated on project site maps/figures and/or described in the text. EGSrG 

and subcontractor personnel will review the proposed sampling points prior to actual location in the 

field and come to frnd agreement regarding them. 

For surveying new well installations, not piezometers, the land surveyor will be supplied with a copy 

of the approved Well Installation Notification Form (GT.6A) by the requesting Project Manager. 

The form will be used to locate the new well site in the field and to verlfy the locatioa code (well 

number) assigned by the Environmental Science and Engineering, Geosciences Division. 
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Preliminary location of the sampling points prior to sampling will be achieved by staking and 

flagging the points. These activities will, in most cases, be performed by the subcontractor and/or 

EG&G personnel and will attempt to achieve location accuracies of 5 10 feet of the proposed work 

plan data acquisition points. Once the sampling activity is performed, the accurate location of the 

sampling point(s) will be determined by precise land surveying methods. I 

In the following example, a soil boring sampling point is to be established to obtain split spoon 

samples of suspected contaminated soils in proximity of an RFP  Operating Unit. The staking and 

flagging procedures employed for such a sampling event are representative of any data acquisition 

program at RFP and are presented herein to illustrate the generic procedures to be used in all EM 1 
programs. Predrilling staking and flagging will be performed as follows: 

A stake and orange flagging will be placed in close proximity to the preliminary sampling point 

location as identified on the project map. If a more precise placement is dictated (such as to place 

a monitoring weil directly downgradient of a buried pipe etc.), a Brunton compass and steel tape 

will be used. The predrilling site should be located within approximately five feet either direction 

of the map location and marked with a stake and orange flagging. 

If the preliminary location falls in an unfavorable site, a stake and green flagging will be placed in 

close proximity noting footage and direction to actual preliminary site location. The EG&G project 

manager or designee will then make the determination as to final placement of the borehole and 

relocate the site with a stake and orange flagging. Each stake will have the borehole number clearly 

marked in permanent ink. EGSrG EM staff will field check each borehole location and approve 

the sites prior to the initiation of drilling. 

The above procedures provide satisfactory site placement accuracy to conduct data and/or sample 

acquisition events. All site measurements pertaining to location obtained during the event (i.e., 

horizontal and vertical distance offsets) are subsequently related back to this staked location. Land 

'75 
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surveying methods, discussed in the next subsection, are then used to precisely tie the staked 

location into regional surveyed databases. 

NOTE: It is critical that the flagged stakes used to preliminarily locate a data acquisition site be 

preserved intact during and after, the sampling event until the accurate land survey of the 

point is completed. The stake represents the only historical reference point for the 

sampling event and must be protected. If the stake must be destroyed during the sampling 

event (e.g., a soil boring or trench is placed at the staked location), three appropriate offset I 
stakes must be instailed and documentation of the offsets (both horizontal and vertical) 

recorded in log books. Once a sampling event is completed, the oripal  staked location 

will be reestablished and staked from this documented offset information. 

5 2  FINAL LOCATION OF SAMPLING POINTS 

Before the final survey begins, the EG&G or subcontractor representative will schedule a meeting 

with himself, the cognizant plant surveyor, and the manager and/or supervisory team leader of the 

surveying contractor to review the surveying program as previously c l d i e d  by the contract for 

surveying services. A n y  information needed to complete the surveying program (e.g., list and 

location of sample sites to be surveyed, latest plant survey control diagram to be used during the 

survey, site access, etc.) will be supplied. Any other specific project objectives will also be discussed. 

The minimum relative accuracy for surveying will be 0.1 foot horizontally and vertically. Monitoring 

wells may be located to the 0.01 feet in elevation because water level measurements are usually 

estimated to the 0.01 foot. 

Final location of the sample sites will be physically marked by setting a marked stake at the exact I 
location. If a monument already exists, the location of the monument will be surveyed. For 

abandoned borehole sites, the locating point will be at the center of the grout cap. For well sites, 
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horizontal measurements will be taken to the well center. Three elevation measurements will be 

made: the elevation of the -base of the concrete apron d&mi-(ground level) to the north 

side of the well casing, the elevation of the top of the well casing, and the elevation of the top of 

the protective casing. Au elevation measurements will be made on the north side of the well. 

The final locations of the sample sites will be reported in a northing, easting, elevation, description 

format as clarified in the contract for surveying services. 

6.0 DOCUMENTATION 

A permanent record of the implementation of this SOP will be kept by documenting field 

observations and data in a bound, weatherproof field notebook with consecutively numbered pages. 

The original field notebook and copies will be submitted when the project is complete. A Xerox 

copy of all associated field surveying records will be delivered with the final product as clarified by 

the contract for surveying services. A numerical printout of all coordinates for the location code 

(well number) and data provided on a 3 1/2” diskette along with a base map will be delivered to 

the Environmental Science and Engineering, Geosciences 

Division within ten working days of the haLcompletion of field surveying. 

-757 
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5.5 Time Domain EIectromgnetic Metal Detection 

5.5.1 InWuction 
€"M 6 I 

The time domain electromagnetic P E W  metal detcction method, is a newly 
dcveloped (1993) method of providing a rapid means of determining the existence of 
surhce and buried metallic objects. The method is superior to the magnetic method 
bccause it is sensitive to all types of metals. By use of elcctromagnetic induction and 
a small transmitting coil, a time varying c m n t  is produced. When this c m n t  i s  shut 
off, eddy currents are induced in the subsurface, both h conductive buried objects and 
the smundig soils and fill materials. The receiver coils measure late in time such 
that currenls in the soils have dissipated and currents are only remaining in highly 
conductive buried objects. It is rhe voltage associated with the currents remaining in 
buried objecu that are measured by the "DEM metal detector. Thus, the TDEM metal 
detector, the Geonics EM61, can provide Wormation about the existence of metallic 
objects in the subsurface, and miry also provide the extent and an estimation of the 
depth of burial of metallic objects, The instrument can provide information about the 
lateral extent of buried metallic objects, in the presence of power lines and other 
cultural features. 

This section of thc SOP specifics proccdurcs for surveys utilizing the Gmnics EM61. 
The instrument ulillzes a single -transmitter with a frequency of 75 hertz. A square 
current wavcfom is used with equal pcrlods of on and off time. Measurements of 
secondary voItage are measured and recorded in 2 coils spaced 40cm apart at 450 
microseconds alter iurn off. In addition, the x and y position of the measurement is 
recorded such that profiles or contours of the measured voltages can be constructed. 
Algorithms are currently being developed attempting to provide an estimate of the depth 
of buried mctallic objects. 

5.S.2 Survey Design 

$.5.2.1 List of Necessarv Eaol 'Dment 

The following is a list of equipment that will be necessary to complete thc TDEM metal 
dctcctor survey: 

f-F;? 4 
.\>$' ' 

I" 

- Geonics W 6 1  TDEM Metal Detector - Digital data logger 
- Measuring tapes 
- Wooden stakes or lath and environmentally safe marker paint 
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- flagging - Survey compasses 
- Field notebook and pens 

552.2 Beid Pr ocedurs, 

, c F  

&P4y,5 
A standard field procedure for conducting the EM61 survey is described below. Prior 
to data collcction, two preltminary procedures must be conducted. These are: 

- Design the appropriate field parameters given the purpose of the survey. 

- Survey the locations of the baseline and positions along the lies at an 
appropriate distance (to be determined in the field) using wooden stakes, 
lath or marker paint. On the wooden stakes or lath, coordinates of the 
grid will be marked. 

Design 01 appropriate fleld parameters will consider the following: 

- Spacing between stations determines the degree of resolution achievable; 
a spacing of 10 to 100 feet is commonly used: however, spacing as small 
as 2 feet may be required for exlremely shallow targets or to aid in lateral 
resolution in vcry complex environments Actual station spacing of the 
EM61 measurements can easily be chosen as small as .6 feet due to the 
configuration of the measuring wheel and data logger. 

I For grid areas, interline spacing affects resolution; a spacing of 5 to 25 feet 

.. The &fhtion of an anomaly with EM61 me-any reading above 

is commonly used. Spacing of as little as 2.5 feet is possible. 
. ee #3 
15 ;c\ 

background. Backpund should be ney zero. A single anomalous point 
rcadmg can indicate a small metallic object near the surface. However this 
one point may be insignificant under the scope of the project Pin flags 
from previous surveys can cause an anomaly. For the purpose of defining 
pits or trenches, more than 3 continuous readings above background may 
indicate an anomalous area which could be as so cia^ with burial of 
metallic objects. It will be the judgement of the interpreter to determine 
what types of anomalies are sign5cant for meeting the survey objectives. 

A standard field procedure for conducting the EM61 TDEM metal detector survey 
consists of : 

1. Assemble and check instrument, battery and function. The instrument is 
factory calibrated and also has an auto nulling featurc when the instrument 
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is turned on. Because of the sensitivity of the insuument, me.as&ng in 
nannovolls, the null reading can be +/- several nannovolts. This is 
monitored by the operator during the survey. 

2. Initiate the site survey traverse with the EM61 following the 
Establish line and station manufacturer's recommended procedm, 

increments in the data logger and begin collection of data 

3. Perform a visual survey along the proposed lines, this can be done prior 
to or during the survey. The visual survey will include a check of any gg3t,4% 
feature (fences, surface mea, survey monuments, well heads, etc. ) that ,o\ 
could cause an anomaly. If a previous visual survey has been complete 

haw been placed .since the previous survey dl be noted on the map or 
in the field notebook These features can be noted by the EM61 survey 
operator or an assistant, 

notes or a map may be used as a guide, and additional features that m 

4, The data i s  automatically recorded in the data logger and vhually 
monitored by the operator. A summary of lines covered dudng the survey 
is maintained by the operator or m assistant in the field notebook, 

5. Data s w ~ d  on the EM61 data logger is transferred to a PC computer when 
the memory is full or at the end of a survey session. 

6. Chcck linc and station coverage from dumped data Ales vmw notes. 
Correct errors in line numbers or station numbers. Correction of errors is 
documented in the field notebook. \ 

Data Processing and Interpretation 

A standard procedure for processing and $terpretation of the EM61 data is described 
below. 

I. Collected data i s  downloaded from the data Iogger and input into a data 
handling program. The data is checked for validity by checking data 
statistics and then entered into a data processing program which can 
construct profilcs or contour maps. The preliminw maps are constructed 

. on the computer monitor and visually checked for validity. If data exrors 
are noted, they are corrected at this time in the handhg program, or the 
data may be repeated in the field if necessary. Correction of errors is 
documented in the field notebook. 
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2. If necessary, apply decorrugation filters to remove cormgation effects 
caused by alternating direction of h e  survey, 

3. Consuuct final data maps, usually contour maps. Jf n e e  
individual detailed maps of each identified anomalous area. 

4. Identify lateral extent of each anomalous m a  on a base interpretation map. 

5. If algotjthrns are developed, construct depth to top of object maps of 
anomalous areas. 

6. Develop report detailing the following: 

- field procednres 
- . interpretation techniques 
- result and location of anomalous area. 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) for conducting surface geophysical surveys. In general, surface geophysical surveys will 

be conducted to aid characterization of the subsurface. Geophysical techniques measure variations 

in the physical properties of the subsurface. Thus, theywe useful in identifying interfaces indicated 

by changes in seismic velocity, density, resistivity or conductivity, fluid content, degree of fracturing, 

soil or rock thicknesses, or linear features such as faults or dikes. Since they measure physical 

property variations, geophysical techniques can aid the delineation of man-made subsurface features 

(pipelines or buried tanks, drums, and trenches) as well as subsurface contamination. This SOP 
specifically addresses shallow electromagnetic (EM), ground penetrating radar (GPR), and self- 

potential (SP) techniques. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Oversight and supervision of the geophysical surveys will be conducted by EG&G personnel. The 

subcontractor project manager or task leader is responsible for assigning project staff to perform 

the geophysical surveys. Project staff performing these surveys will be trained geophysicists or 

trained personnel with a significant amount of geophysical field experience. The task leader is also 

responsible for assuring that these and any other appropriate procedures are followed by all project 

personnel. 

Only qualified personnel shall be allowed to perform geophysical sweys. Qualifications are based 
on education, previous experience, or on-the-job training with supervision by another qualified 

person. All staff involved with the geophysical surveys shall have previous experience with data 

collection and interpretation procedures for the methods used. The subcontractor Project Manager 

shall document personnel qualifications related to this procedure in the project QA files. 
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4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

A C .  EPA/540/P-87/001. December 1987. 

Convin, R.F. 1990. Applications of the Se1f:Potential Method for Engineering and Environmental 

Investigations, in proceedings of the Symposium on the Application of Geophysics to Engineering 

and Environmental Problems. Golden, CO. 1990. 

Convin, R.F., and Butler, D.K. Geotechnical Applications of the Self-Potential Method; Report 3; 

Development of Self-Potential Interpretation Techniques for Seepage Detection: Technical Report 

REMR-GT-6, U.S.' Army Corps of Engineers, Washington, D.C. 1989. 

Guidance for Conductinv Remedial Investieations and Feasibilitv Studies Under CERCLA. Interim 

, Final. EPA/540/G-89/004. October 1988. 

McNeill, J.D. 

Numbers, Technical Note TN-6, Geonics Ltd., Canada. 

1980. Electromagnetic Terrain Conductivity Measurement at Lo w Induction 

RCRA Facility Investieation Guidance. Interim Final. May 1989. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 
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0 SOP F0.3, General Equipment Decontamination 
0 SOP GT.lO, Borehole Clearing 

5.0 PROCEDURES 

The use of geophysical techniques will be discussed in the project work plans. Given the project- 

specific objectives and the subsurface information required, an appropriate geophysical program will 

be proposed and agreed upon between EG&G personnel and the subcontractor. The purpose of 
the subsurface investigation and result expectations must be outlined. Prior to the collection of 
geophysical data, several preliminary considerations must be made. These include as a minimum: 

0 Review existing and appropriate site, area, and regional subsurface geologic and 

hydrogeologic information including soil characteristics. . 
Define any known hazards that pose a threat to the safety of field personnel. 

0 Review site utility plans and obtain the locations of electrical and telephone 

utilities and address their potential influence on survey results. . 

Subsequent sections describe specific procedures for each technique. 

5.1 ELECTROMAGNETICS 

5.1.1 Introduction 

Electromagnetic (EM) methods provide a rapid means of measuring the electrical conductivity of 

subsurface soil, rock, and groundwater. Thus, it can be useful for assessing subsurface conditions 

such as depth and orientation of bedrock; lateral variations in soil and rock and extent of 

(401 l ~ ) ( G T l 8 R E V . 2 ) ( 0 5 / 0 1 / 9 2 )  
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paleochamels; lateral, and in some instances, vertical extent of contaminants; and the presence of 

ferrous and nonferrous metals. 

The method involves the induction of electrical current into the subsurface. A small alternating 

current passing through a transmitter coil produces a primary, time-vaxying magnetic field into the 

ground. Through inductive coupling, the primary magnetic field produces small eddy currents in 

the subsurface which, in turn, create their o m  secondary magnetic field. The receiver coil senses 

both the primary and secondary fields. Changes in magnitude and phase of the individual currents 

are linearly related to the terrain canductivity. These changes in the individual currents are 

converted to voltages and output as ground conductivity values; which can be recorded manually, 

by a strip recorder, or a digital logger. Depth of investigation is related to the separation between 

the transmitter and receiver coils. By using multiple coil spacings, several penetration depths can 

be achieved. All conductivity values are subsequently’plotted on a map so that their variation over 

the site can be analyzed. 

Terrain conductivity is a function of the soil or rock composition, the porosity and permeability of 

the subsurface units, and the conductivity of the fluids filling the pore spaces. The possible sources 

of an EM anomaly must be kept in mind when collecting the data and during interpretation. 

This SOP specifies procedures for EM surveys utilizing shallow penetration systems including the 

EM-31, EM-38, and EM 34-3. These instruments can be utilized with two different coil 

orientations, the horizontal dipole mode (coils vertical coplanar) and the vertical dipole mode (coils 
horizontal coplanar). The two modes allow different penetration depths to be achieved. I 

(401 laoOm5930)(CneREv2)(OS/01/92) 
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~~ 

5.12 Survey Design 

5.12.1 List of Necessarv Eauinment 

The following is a list of equipment that will be necessary to complete an EM survey: 

a 

0 Geonics EM-31, EM-38, or EM 34-3 terrain conductivity system or equivalent 

Digital logger and/or analog strip recorder (when data collection is over large grid 

(choice based on depth penetration required) 
0 

area) 
0 Wood stakes or lath 

0 Flagging 

0 Black waterproof (permanent) pens 

0 Field notebook 

5.122 Field Procedures 

A standard field procedure for conducting an EM survey is described below. Prior to EM data 

collection, two preliminary procedures must be conducted. These are: 

0 Design the appropriate field parameters given the purpose of the survey, (e.g., I 
depth of investigation, whether EM-31, EM-38, or EM 34-3 is used, coil spacing, 

coil orientation, station spacing, etc.). 

' I  

0 Survey the locations of line endpoints along each line and denote these locations 

in the field with lath or wood stakes. Mark stations with coordinate designation 

based on the coordinate system used for the survey of the end points. Transfer 

line and station locations to the appropriate base map. I 
(401 laoamaO)(GTl6REV2)(~/01/92) I 
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Design of appropriate field parameters must consider the following: 

0 The coil spacing should be 0.75 to 1.5 times the required depth of penetration 

depending on whether the instrument will be used in the vertical or horizontal 

dipole mode. Instrumentation must 'be chosen so that the objective penetration 

depths can be achieved. Table GT.18-1 summarizes instrument modes and 

approximate penetration depths. 

0 Spacing between stations determines the degree of resolution achievable; a spacing 

of 10 to 100 feet is commonly used; however, spacing as small as 2 feet may be 

required for extremely shallow targets or to aid resolution in very complex 

environments. Actual chosen station spacing must be determined by resolution 

and maximum depth required, and overall survey objectives. 

0 For grid areas, intraline spacing affects resolution; a spacing of 10 to 400 feet is 

commonly used. However, smaller spacing may be required depending on the 

resolution required and overall survey objectives. 

0 Definition of an EM anomaly requires three or more anomalous readings. 

0 Background conductivity noise caused by cultural interference, such as overhead 

or buried powerlines and steel-cased monitor wells, must be evaluated and/or 

estimated to assess their potential effect on an EM survey. High noise levels can 

.make interpretation difficult and can cause si&icant anomalies to be overlooked 

and, in some instances, can make data collection and interpretation impossible. 

Actual background noise must be considered when collecting and interpreting the 

EM data. 
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Background conductivities for the investigated materials or groundwater should be 

estimated to aid anomaly interpretation. Where possible, conductivities for site- I 
specific groundwater should be determined by analyzing samples from monitoring 

wells adjacent to the survey area. This should be done as close as possible to the 

actual survey date to ensure that the pore water conductivity determined is 

representative at the time of the survey. 

TABLE GT.18-1 

EM INSTRUMENT MODE AND PENETRATION DEPTHS 

Coil Approximate Depth of 
Instrument Spacing Mode Penetration (ft) 

EM-38 Fixed - 1 meter HDM 2 5  
(3.28 feet) VDM 5 

EM-31 Fixed - 3.66 meters 
(12 feet) 

(32.8 feet) 

20 meters 
(65.6 feet) 

40 meters 
(131.2 feet) 

EM-34-3 Variable - 10 meters 

HDM 
VDM 

HDM 
VDM 

HDM 
VDM 

HDM 
VDM 

9 
18 

25 
49 

49 
98 

98 
197 

Note: HDM = Horizontal Dipole Mode 
VDM = Vertical Dipole Mode 
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A standard field procedure for conducting an EM survey is described below. 

1. Perform a visual survey along the proposed lines. d e  visual survey will include 

a review of site utility plans; check for overhead wires; check for manhole covers, 

buried cables, buried gas line indications, and steel-ked monitoring wells; and 

have site locators confirm the presence of any possible telephone and utility 

features. Note any features in the field notebook. 

2. Note in the field notebook excessive amounts or large pieces of metal on the 

ground surface. 

3. Note in the field notebook large nearby variations in topography or buildings 

(within 50 feet). . 
4. Check the instrument battery for sufficient charge and test the instrument using 

manufacturer’s procedures. 

5. Initiate a site survey traverse with EM instrument. Instrument operation must 

follow manufacturer’s operating procedures for horizontal and vertical dipole made 

operation. 

6. Record the obtained conductivity value in the data logger or field notebook. Note 

station number and coordinates. 

7. Continue the above procedure for each station along the line. For two or more 

coil spacings or orientations at each station, multiple passes along each line wiU 

be made, ensuring that occupied stations are repeated with each coil orientation. 
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8. If hard copies of each line of data from the strip recorder are made, label and/or 

number all notations made on the record to correspond to notes made in the field 

notebook. 

I 9. When a data logger is utilized, download data from the data logger to a computer 

on a daily basis for further analysis. 

5.13 Data Processing and Interpretation 

A standard procedure for processing and interpreting the EM data is described below. 

1. Collected data is downloaded from the data logger or input to the main computer 

from recorded field notes and processed. Data is then plotted and may be 

contoured. 

2. Comparing the results of all plots, variations in conductivity may indicate the I 
presence of subsurface anomalies. 

3. Using available borehole information and any other existing geophysical data as 

a reference, develop a subsurface conductivity model that is consistent with all 

available data. 
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5 2  GROUND PENETRATING RADAR 

5.2.1 

5 2 2  

522.1 

Introduction 

Ground penetrating radar (GPR) has been used for mapping shallow geologic interfaces, delineating 

shallow bedrock, locating voids in concrete or limestone, and finding buried pipeline or 

reinforcement bars. 

GPR involves a system that transmits electromagnetic pulses into the ground from an antenna near 

the surface. These pulses are reflected from a variety of subsurface interfaces back to a receiver. 

As the antenna is towed along a survey line, the GPR signals are processed and displayed on a 

graphic recorder. The displayed data is a two-dimensional continuous profile along the surveyed 

line, depicting time versus distance. The display is very similar to a geologic- section, except that 

the record is a time section rather than a depth section. 

GPR has excellent resolution of subsurface features when favorable conditions exist. However, 

actual depth penetration is highly site-specific and depends on the near-surface soil conductivity. 

Highly conductive soils, such as clays, can reduce penetration to less than three feet. Less 
conductive materials, such as clean, well-sorted sandstone, will allow depth penetration of 30 feet. I 

Survey Design 

The following is a list of equipment that will be necessary to complete a GPR survey 

b I GSSI SIR System-3 or equivalent radar system (more advanced models can be 

used) 
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0 Flagging 

0 Lath or wooden stakes 

0 Field notebook 

0 Black waterproof (permanent) pe'ns 

0 Tape measure (200 feet minimum) (Note: for relatively smooth surfaces, a 

measuring wheel can be substituted) 

0 Extra paper for profile recorder 

0 Extra stylus(s) for profile recorder 

5222 Field Procedures 

A standard field procedure for collecting GPR data is described' below. Prior to GPR data 

collection, two preliminary procedures must be conducted. These are: 

Design the appropriate field parameters, given the purpose of the survey (e.& 

orientation of lines or grid, grid spacing, frequency of antenna, necessity of 

antenna shielding, etc.) 

0 Survey line endpoints and mark these locations in the field with lath or wooden 

stakes. Transfer line locations to the correct position on the base maps. 

Design of appropriate field parameters must consider the following: 

(401 l ~ ) ( G T l s R E v Z ) ( Q S / O I  /92) 
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b The antenna and associated transmitter frequency used must optimize the 

penetration depth and required resolution given the survey purpose. Typical 

frequencies are 80 Mhz, 100 Mhg 120 Mhz, 300 Mhz, 500 Mhz, and lo00 Mhz. 

Higher frequency antennas allow greater subsurface resolution, but penetration is 

reduced over that of lower frequencies. To optimize results, surveys should be 

designed to have a minimum of two antenna frequencies available. 

For grid areas, intraline spacing affects resolution; a spacing of 3 ' to 50 feet is 
commonly used. Actual spacing must take required resolution into account. 

b Method of antenna towing must be evaluated given the site conditions. For 

smooth surfaces or terrain, the antenna can be towed directly on the surface. For 

areas with significant vegetation or surface stones and, rocks, the antenna may need 

to be suspended 6-18 inches above the ground or carried in a plastic non- 

conductive wagon to prevent antenna damage and potentially dubious GPR data 

collection. 

b Antenna shielding should be considered and designed to handle the field 

conditions. Surface features such as fences, powerlines, trees, etc. can appear as 

prominent reflections on the GPR record. 

A standard field procedure for conducting a GPR survey is described below. 

1. Perform a visual survey along the proposed lines. The visual survey will include 

a review of site utility plans; check for overhead wires; check for manhole covers, 

buried cables, buried gas line indigtors, and cased monitor wells, and have site 

locators confirm the presence of any possible telephone and utility features. Note 

the features in the field notebook. 

. 

(401 I~.930)(~lSREv2)(oS/01/92) 



SURFACE GEOPHYSICAL SURVEYS 

EC&G ROCKY FLATS PLANT Manual: 5-2 1OOO-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GT.18, Rev. 2 

Page: 15 of 25 
Effective Date: March 1,1992 

Category 2 Organization: Environmental Management 

2. Note in the field notebook excessive amounts or large pieces of metal on the 

ground surface. 

3. Note in the field notebook large nearby variations in topography or buildings 

(within 50 feet). 

4. Note the moisture content of soil, alluvium, or investigated media, as well as 

relative clay content, as these could significantly affect the penetration depths.' 

5. Conduct 3 test line'using manufacturer's procedures. Instrument settings must be 

optimized to obtain appropriate data given project goals. Specific recording 

parameters that must be optimized include, but are not limited to, the following: 

0 

0 Radar scan speed 

0 Signal range gain 

0 Time range for recording 

0 Transmitter pulse rate 

0 Recording printer speed 

0 Antenna towing speed 

0 High and low pass filter settings 

Instrument settings should be varied during the test line to determine the optimum 

recording parameters. When possible, the test line should be conducted over a 

known buried feature in the survey area to help instrument setting optimization 

and calibrate penetration depths. 

6. Initiate a site survey traverse. Beginning at the GPR line endpoint, tow the 

antenna along the line with appropriate speed determined from the test h e ,  and 
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using optimum instrument settings determined from the test line. Continue the 

above procedure for the entire line and subsequent grid lines. 

7. If hard copies of each line of data from the printer are made, label all notations 

on the record to correspond to notes made in the field notebook, including 

recording parameters. 

8. Permanent copies of this GPR data must be retained digitally on tape or disk, or 

on hard copy plots. . 

523 Data Reduction and Interpretation 

Data reduction of GPR data is limited. Most GPR data processing occurs with the various 

instrument settings during recording. 

Interpretation must consider all potential sources of a GPR anomaly, including interfering 

reflections from both surface and subsurface cultural features, and draw upon the interpreter's GPR 
experience. Using site surface data, available borehole information (should it exist), or any other 

existing geophysical data, develop a subsurface model that is consistent with all available data. 

53 SEW-POTENTIAL 

53.1 Introduction 

Self-potential (SP) surveys allow the measurement of ambient voltages and voltage variations within 

the ground. These small voltages are generated by subsurface fluid, heat, or ion flow. For 
engineering or environmental applications, recording these voltage variations and resulting SP 
anomalies allows delineation of fluid flow in the vicinity of dams, reservoirs, wells, faults, or lined 

(401 l ~ ~ ) ( G T l ~ R E v ~ ) ( o 5 / O l / ~ )  
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, 

ponds, and in some cases subsurface contamination. Thus, SP methods are useful in evaluating the 

integrity of engineered structures with regard to potential leakage of fluids. 

The method involves recording the ambient voltage generated by subsurface currents between two 

electrode locations connected by a wire to a millivoltmeter. In practice, there are restrictions on 

the types of electrodes and voltmeter used, which are critical to the survey’s success. Electrodes 

used must be nonpolarizing to reduce or eliminate spurious potentials generated at the electrode- 

ground contact. This is achieved by using a metal electrode immersed in a saturated solution of its 

own salt, such as a copper electrode immersed in a copper-sulfate solution. The millivoltmeter must 

have an input impedance sufficiently large to prevent significant current to be drawn from the 

ground during measurement. This is achieved by using a D. C. millivoltmeter with input impedance 

greater than 108 ohms. 

Although the equipment and field procedures used for SP surveys are relatively simple, considerable 

care and effort are required for high-quality results. Data must be reprdducible, sources of noise 

must be recognized, and appropriate data reduction methods are necessary to correct for electrode 

drift and polarization. Interpretation of SP data must be carried out by experienced personnel who 

are cognizant of all potential anomaly sources. 

In engineering applications, SP anomalies of interest are usually generated by flows of fluid or ions 

through a porous medium such as rock or soil. The fields generated by fluid are electrokinetic (or 

streaming) potentials, and those generated by ionic flow are electrochemical potentials. The 

amplitude of SP fields generated by fluid flow in engineering targets may exceed 500 millivolts I 
(mv), although magnitudes of tens to hundreds of mV are more common. SP fields generated by 

ionic flow related to artificial sources, such as buried metal or pipelines, tend to be relatively large 

and easy to detect. Fields generated by ionic flow due to contaminant plumes tend to be small in 

amplitude and may be difficult to detect. SP anomaly interpretation must consider all potential 

anomalies natural and manmade, which are usually superimposed on the target anomaly. The use I 

(401 1~930)(Crl8REv2)(05/01/92) 
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of magnetic and/or electromagnetic measurements in conjunction with SP data can be very helpful 

in recognizing sources of SP noise due to buried metallic objects. 

The procedures outlined below are for SP surveys being conducted along the ground or a 

engineered structure surface. It does not specifically address procedures that may be employed for 

conducting SP surveys in ponds or fluid containment structures. Although the basic principles and 

procedures are the same, some survey logistical features must be designed on a project-specific basis 

for conducting SP surveys in a body of fluid. 

5 3 2 '  Survey Design 

532.1 List of Necessaw EauiDment 

The following is a list of equipment that will be necessary to complete an SP survey, 

0 High impedance (le ohms or greater) D.C. millivoltmeter (e.& fluke model 

8020A) 

0 Minimum of five SP electrodes. Copper-copper sulfate electrodes have been 

documented as the most stable for engineering applications. Use Tinker and 

Rasor Model 6B electrodes (or equivalent). Use of electrodes with different metal 

components will be discussed and approved by EG&G personnel before they are 

used. 

0 Two reels with connector plugs and a minimum of 500 linear feet of small 

diameter (20 gauge) solid wire (required wire length is dependent on survey grid 

size; for some surveys, more wire per reel may be necessary). 

(401 I93WO7PW)(GTl8REZ)(OS/O1/92) 
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e I One quart saturated copper-sulfate solution (or appropriate solution for the type 

of electrode used) 

e Wood stakes or lath 

e Garden tool sufficient to produce a 3-10 inch deep small hole for electrode 

emplacement. 

e Tape measure (200 feet minimum) (Note: for relatively smooth surfaces, a 

measuring wheel can be substituted) 

e 

e .  

Field notebook 

Black waterproof (permanent) pens 

0 Form GT.l8A, Self-potential Survey Data Form (see Section 7.0, Documentation) 

5322 Field Procedures 

A standard field procedure for conducting an SP survey is described below. Prior to SP data 

collection, two preliminary procedures must be conducted. These are: 

e Design the appropriate field parameters, given the purpose of the survey (e.g., 

coverage of survey area, station spacing, surface soil conditions, position of base 

electrode, etc.). 

(401 l ~ S 9 3 0 ) ( C T l 8 R E V 2 ) ( 0 5 / 0 1 / 9 2 )  
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b Survey the line endpoints and mark these locations in the field with lath or 

wooden stakes. Mark all remaining station locations based on the predetermined 

grid with an identifiable marker (such as lath or wooden stakes). 

Design of appropriate field parameters ,must consider the following: 

b The SP survey is conducted in a series of short loops from a faed ba e station. 

Each loop is initiated with a base station reading, followed by SP readings at' a I 
number of stations along a predetermined grid, and concluded by a final base 

reading. -Duration of each SP loop should be no more than 35 - 50 minutes. 

Loops of this duration reduce uncertainties in drift corrections (see below). 

b The base station location must be chosen at a site where conditions are unlikely 
* 

to change during the survey period, and where background noise is a minimum. 

b Spacing between stations determines the degree of resolution achievable; a spacing 

of 5 to 50 feet is commonly used. However, for small near-surface targets, spacing 

may be as small as 2 feet. The actual chosen station spacing must be determined I 
by resolution required and overall survey objectives. 

b Definition of an SP anomaly requires three or more anomalous readings. 

b Topography effects can produce SP anomalies which are superimposed on target 

anomalies. 

topographical effects. 

The survey must be designed to allow determination of the 

0 SP readings are affected by the natural fluctuation of the earth's magnetic Geld 

and telluric currents. Design must consider their potential effect. Effects of these 

(401 I ~ ) ( C F l 8 R E V 2 ) ( 0 5 / 0 1 / 9 2 )  
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fluctuations are removed by making electrode drift corrections relative to a faed 

base location. On occasion, large solar magnetic storms will make SP data 

collection difficult or impossible. 

0 Background noise caused by cultural interference, such as overhead or buried 

powerlines and/or steel-cased monitor wells, must be evaluated and/or estimated 

to assess their possible effect on an SP survey. High noise levels can make 

interpretation difficult, can cause significant anomalies to be overlooked and, ia 

some instances, can make data collection and interpretation impossible. Actual 

background noise must be considered when collecting and interpreting the SP 
data. 

A standard field procedure for conducting an SP survey is described below. 

1. Record the initial site information on Form GT.18A. 

2. Perform a visual survey along the proposed lines. The visual survey will include 

a review of site utility plans; check for overhead wires; check for manhole covers, 

buried cables, buried gas l i e  indicators, and cased monitor wells; and have site 

locators confirm the presence of any possible telephone and utility features. Note 

the features on Form GT.18A. 

3. Note on Form GT.18A excessive amounts or large pieces of metal on the ground 

surface. 

4. Note on Form GT.18A large nearby variations in topography or buildings (Within 
50 feet). 

I (401 l-sjomrsao)(GT18REv2)(M/01/92) 
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5. 

6. 

7. 

8. 

9. 

10. 

11. 

Note the moisture content of soil, alluvium, or investigated media, as well as 

relative clay content, as these could affect the electrode contact resistance. 

Ensure that all electrodes are filled with saturated metal solution (for copper 

electrodes, use copper-sulfate solution). 

Measure and record the reel wire resistance (infinite reading indicates open wire). 

Measure resistance between reel frame and end of wire to check for short circuits. 

If a short is present, repair or do allow reel to contact the ground during 

readings. 

Put two electrodes in a solution bath (copper sulfate for copper electrodes) and 

measure and record the voltage between the electrode pairs. This measurement 

will be used to check the initial electrode polarization. Measurements should be 

made on the millivoltmeter range with a minimum of 1.0 mV resolution. 

Install the base electrode at the base location. Dig a small hole into the moist soil 

underlying the surface soil. Do not add water to the hole. Ensure a good 

coupling between the ground and the porous electrode tip by tamping the soil 
around the electrode. Tie off the end of the reel wire and attach it to the base 

electrode terminal. Place a sun shade over the base electrode. 

Install the measuring electrode next to the base station (within 1-2 inches) 
ensuring a good ground coupling. Connect the positive lead of the meter to the 

measuring electrode and the negative lead to the connection on the reel, and read 

the SP measurement for the initial polarization of the base and measuring I 
(401 1-930007W3O)(GTlsREV2)(05/01/92) 
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12. 

13. 

14. 

15. 

16. 

electrode. This measurement will be used as a basis for electrode drift correction 

for SP loops. 

At a SP station, dig a small hole into the moist soil below the surface layer. Insert I 
the measuring electrode ensuring good soil contact by tamping the soil around the 

electrode. Connect the positive lead of the meter to the measuring electrode and 

the negative lead to the connector on the reel. Shade the electrode from the sun. 

Read the SP measurement on the millivoltmeter for 10-20 seconds to check for I 
drift or telluric fluctuations. Obtain a stable average. Record the final value in 

mV with the proper polarity. Briefly measure and record the contact resistance 

between the electrodes using the appropriate kilo-ohms range of the multimeter. 

Move to the next station and repeat steps 10-12. 

After completing the survey loop, or after an elapsed time of 35-50 minutes, return 

to the base station and read the SP measurement at the base location in order to 

correct for electrode drift. Periodically throughout the day (approximately four 

times), remeasure the polarization between the electrodes in the solution bath 

when making a base tie. 

Record all measurements and comments on Form GT.18A. 

533 Data Processing and Interpretation 

SP data reduction must eliminate all electrode drifts associated with telluric currents, polarization I 
effects, temperature effects, and background noise. Drift corrections are made to the measuring 

electrode relative to the base electrode, which is assumed fured. If a value has been predetermined 

(401 I~5-WJ)(GTlsREv2)(05/01/92) 
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for the base, this "tie-in" correction must be included in the final corrected SP value for each 

measured station. 

Most interpretations of SP data are performed qualitatively, involving preparation of data profiles 

and contour maps, and assessing the resulting anomalies. Experienced interpretation considers all 

potential sources of a given SP anomaly and assesses whether the anomaly is characteristic of the 

suspected target anomaly. 

More sophisticated interpretation techniques can be employed, particularly when corroborative 

information exists, such as boring data or data from other geophysical methods. These other I 
techniques include geometric and analytical modeling. The use of these techniques must be 
evaluated on a project-specific basis, with discussion and approval of their merit by EG&G 

personnel. 

. 6.0 DECONTAMINATION 

Personnel involved with surface geophysical surveys will follow ail decontamination procedures as 

outlined in the Health and Safety Plan. Geophysical equipment which has been in contact with 

potentially contaminated ground surfaces will be decontaminated according to procedures outlined 

in SOP F0.3, General Equipment Decontamination, as well as any appropriate procedures specified 

in the Health and Safety Plan. 

7.0 DOCUMENTATION 

A permanent record of the implementation of this SOP will be kept by doc&enting field 

observations and data. The date of the manufacturer's most recent calibration and certification will 

be documented, if this information is available. Observations and data will be recorded with black 

waterproof (permanent) ink in a bound, weatherproof field notebook with consecutively numbered 

(401 193O.W7~)(GTlSRWV2)(05/01/92) 
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Form (Form GT.18A). 

pages. Documentation of completed decontamination activities will similarly be noted. When 

conducting SP surveys, data and observations will be documented on the Self-Potentid Survey Data 
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2.0 PURPOSE AND SCOPE 

I This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to use field gas chromatographs (GCs). These instruments are used in the 

identification and quantification of volatile organic compounds. 

Level I and Level I1 analyses are defined as field screening/analytical methods which utilize 

equipment amenable to the rigors of field conditions, and are located at or near the sampling site. 

Level I analytical support is typically defined as field screening, with the objective of generating data 
' which will generally be used (for example during Phase 1 investigations), in refining s a m p l q  plans 

and determining the extent of contamination. A second objective of Level I analyses is to conserve 

other analytical support resources. 

Level I analyses are generally effective for total Volatile Organic Compound (VOC) vapor readings 

using portable photoionization or flame ionization detectors (PID or FID). Detection is typically 

limited to volatile compounds. These types of analyses provide data for on-site, real-time total 

vapor measurements, evaluation of existing conditions, sample location optimization, extent of 

contamination, and health and safety evaluations. Data generated from Level I analyses are 

considered qualitative in nature although semi-quantitative and/or quantitative data can be 

generated (for example, by using the GC option of an FID, with sufficient calibration). Data 

generated from Level I analyses provide the following: 

' 

e Identification of soil, water, air and waste locations which have a high likelihood 

of showing contamination through subsequent analysis 

e Real-time data to be used for health and safety considerations during site 
investigations 

(401 1*93WU7~)(Cn9REV2)(03/02/92) 
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0 Qualitative data relative to a primary calibration standard if the contaminants 

being measured are unknown 

0 Quantitative data if a contaminant is known and the instrument is calibrated to 

that substance 

0 Presence or absence of contamination 

Level I1 analytical support is designed to provide real-time data for ongoing field activities or is used 

when initial data will provide the basis for seeking laboratory analytical support. As such, Level I1 

analytical methods can be effectively utilized when a phased approach is used for field sampling. 

There have also been a sigruficant number of instances where data derived from Level II support 

have been used to make decisions about site disposition. 

Level I1 analyses are used for on-site, real-time baseline data development, extent of contamination 

and remedial activities. They generally provide rapidly available data for a variety of activities 

including hydrological investigations (establish depth/concentration profiles); extent of contaminant 

determination including special activities such as vadose zone sampling; cleanup operations 

(determine extent of contaminated soil excavation), and health and safety considerations. 

Typically, a gas chromatograph and more sophisticated instruments operated in the field provide 

the bulk of the analytical support at this level. The ability to assess the data quality (accuracy and 

precision) is dependent upon the QA/QC steps taken in the process, including documentation of 

blank injections, calibration standard runs, and runs of standards between samples, sample 

duplicates, and performance evaluation standards. 

(401 l-S~~)(GT19REV2)(03/02/92) 
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The level of precision and accuracy that can be achieved by a specific Level I or I1 analysis varies 

as a function of numerous factors including the matrix and contaminant(s) being sampled, and the 

skill of the analyst doing the work. 

3.0 QUALIFICATIONS 

Only qualified personnel will be allowed to operate gas chromatographs (GCs). Required 

qualifications vary depending on the activity to be performed. In general, qualifications will be 

based on education, previous experience, and supervision by qualified personnel. The 

subcontractor’s project manager will document personnel qualifications related to this procedure 

in the subcontractor’s project QA files. 

Operation of the gas chromatograph will be performed in accordance with the manufacturer’s 

instructions. Personnel performing gas chromatography will receive‘ training from a factory 

representative or a local area instructor certified by the manufacturer to administer training. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 

Field Screenine Methods Cataloe: Use r’s Guidg. EPA/540/2-88/005. September 1988. 

Chapman, H. and Clay, P., Field Investigation Team (FIT) Scree nine Methods an d Mobile 

Laboratories Complementan to Co ntract Labp ratorv Pronram fC LPL TDD HQ-8507-01. October 
17, 1986. (Draft). 

(401 1430-0076%40)(GT19REV2)(03/02/92) 
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Clark, A.E., Lataille, M. and Taylor, E.L., The Use o f a Portable PID Gas C hromatomaD h for 

RaDid Screenine of Samples for Pureeable Organic Corn~ounds in the Field and in the Lab, US. 

EPA Region I Laboratory. June 29, 1983. 

Morin, SO., DeveloDment and ADDlication of an Analvtical Screenine PrQgram to SuDerfund 

Activities, Management of Uncontrolled Hazardous Waste Sites. Washington, D.C. November 4-6, 

1985. 

4.2 INTERNAL REFERENCES 

A related SOP cross-referenced by this SOP is: 

SOP F0.3, General Equipment Decontamination . 
5.0 PROCEDURES AND EQUIPMENT 

EauiDment List , 

Portable gas chromatograph with appropriate detector and accessories 
a Chromatographic column(s) (project specific)' 

a Vendor-supplied calibration standards (certified) and appropriate internal 

standards 

e Glassware (project specific), including proper syringes 

Microprocessor and/or strip chart recorder with appropriate accessories and a 

supplies (project specific) 
a High purity specialty gases (project specific) 

Sccond column confirmation (dissimilar columns) if specified in Data Quality Objectives (DQOs). 

(rOll~~)(C;rt9Revl)(a3/02/92) 
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8 Field log book 

8 Instrument manufacturer's operation manual 

All analyses shall be performed utilizing a field-area portable gas chromatograph (GC)., A 

chromatographic column which separates target compounds shall be utilized. An internal standard I 
will be added to each sample being analyzed on the GC (including calibration standards) to ensure 

proper instrument performance. 

Prior to the start of analysis on each day, the GC shall be calibrated through the injection of 
commercially-available stock standards and/or appropriate dilution of traceable stock standards. 

This calibration (initial calibration) will, at a minimum, consist of the analysis of three standards 

with known concentrations. The lowest concentration standard shall be at the required 

quantification limit, the highest concentration standard shall be within the linear response of the 

instrument, and the middle concentration standard shall be approximately midway between these 

two. A linear regression of the concentration of the standard against the chromatographic peak 

area shall be performed. The correlation coefficient must be greater than 0.995. 

The GC calibration must be versed after every 10 sample analyses throughout the day or after a 

highly-contaminated sample to ensure the proper purge time of the chromatograph column. 

Verification will be accomplished through analysis of the mid-range concentration standard. If the 

measured concentration differs from the concentration in the standard by more than l5%, the GC 

must be recalibrated using the initial calibration procedures above. 

Samples are analyzed by injecting the same volume of sample into the gas chromatograph as was 

utilized during the calibration analyses. Target compound concentrations in the sample will be 
quantified using the average response factor calculated from the initial calibration. All sample 

analysis values must be less than the highest concentration calibration standard. If a sample is 

I (401 lao4o7693o)(GT19REv2)(a3/02/92) 
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ana lFd  containing a higher.concentration than the highest standard, this sample must be rerun 

after dilution (alternatively, a smaller sample may be injected). 

Specific analytical methods and calibration procedures, standards concentrations, detectors, 

temperature programs, etc. are dependent on the method of analysis and analytes of interest. 

Specific analytical methods and procedures will be detailed in applicable project work plans. 

Data Verification and ReDorting 

Data obtained from the use of the portable GC will be verified by qualified EG&G or subcontractor 

personnel. Verification will include a review of the following specifc param'eters: 

0 GC performance and calibration, including initial and continuing calibrations 
0 Qualitative and quantitative identification of analytes including recalculation from 

raw data of at least 15 percent of all sample data 
0 Analysis of field duplicates, field aird method blanks, and spikes 

Referee laboratory (outside) duplicate analyses (V required) 

Duplicate analysis of field samples by on-site GC operator 

0 

a 

A checklist used for data verification is included as Form GT.19A. 

6.0 DECONTAMINATION 

I 
Field gas chromatographs wil l  be set up in the field site support zone in order to avoid 

contamination. Field sample containers will be decontaminated in accordance with SOP F03, 
General Equipment Decontamination, prior to being used. Additional equipment used during 

sample analysis will also be decontaminated in accordance with SOP F0.3, General Equipment 

Decontamination. 

(401 I-930-W76930)(~9W2)(03/02/92) 
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I 7.0 QUALITY ASSURANCE/QUALITY CONTROL 

Quality Assurance (QA) and Quality Control (QC) activities will be accomplished according to the 

Quality Assurance Project Plan (QAPjP) and the project specific Quality Assurance Addendum 

(QAA). 

In addition to adhering to the requirements of the site-specific Field Sampling Plan (FSP) and any 

supplementary site-specific procedures, the minimum QA/QC requirements for this sampling 
activity are the following: 

0 QC Samples -- The number and types of QC samples including duplicate samples, 

field blanks, equipment blanks, trip blanks, and other samples will be collected or 

prepared as specified in the QAA. 

Verification -- Verification activities are required for the above practices including 

surveillance and periodic record audits. These activities will be documented and 

become part of the completed project records. 

7.1 QA/QC SAMPLES FOR FIELD GC ANALYSIS 

Frequency of calibration, method blanks, replicates, etc., are dependent upon project Data Quality 

Objectives (DQOs), and must be addressed in the project-specific Quality Assurance Addendum 

(QM> 

Daily calibration and operational checks are required to ensure that the instrument is functioning 

properly. Manufacturer's calibration instructions will be followed prior to daily use, and calibration 

will be confirmed at the end of each day. The manufacturer's htrument operation manual will be 

present on site at all times. 

(401 l ~ ~ ) ( G T l 9 R R r ~ ) ( ~ / 0 2 / 9 2 )  I 
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8.0 DOCUMENTATION 

The field documentation requirements for the field sampler will include recording all observations 

, made during the analysis that could affect the quality of the analysis. The documentation for this 

analysis should be entered in a field notebook with consecutively numbered pages with locations 

identified on a sample location map. 

Field documentation will include at a minimum: 

Date of sample collection 

Time of sample collection 

Location of the sample collected 

Sample number 

Unusual sampling conditions 

Problems encountered while obtaining the sample 

Each entry (or page) in the field notebook should be dated and initialed by the 

individual making the entry 

4 
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DATA VERIFICATION CHECKLIST FOR 
GAS CHROMATOGRAPHIC ANALYSES 

DATE 
SAMPLES ANALYZED THIS DATE 

~ ~~~ 

DATA VERIFIED BY 

Answer Y = Yes; N = No where appropriate Y/N 

0 

I. Calibration 
A.. 
B. 
C. 

Was a 3-point calibration made at the start of the day? 
Was the correlation coefficient greater than 0.995? 
Was the GC calibration verified every 10 samples? 
What standard was utilized for calibration verification? 
Did the measured concentration differ by more than 15%? 
If yes, was GC re-calibrated? 

Was a method blank run immediately following the initial 
calibration and prior to any samples? 

B. Was any blank contamination present? 
If yes, what was source of contamination and how was 
problem rectified? 

11. Blanks 
A. 

C. Were any field blanks run? 
. Any contamination present? 

111. Sample Documentation 
A. Were samples received in good condition? 

If no, explain 

B. Were sample labels properly filled out? 
If no, explain 
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IV. Sample Analysis 
A. 

B. 

C. 

D. 

E. 

F. 

G. 

Were samples analyzed W H I N  required holding time? 
If no, explain 

Were any problems encountered during analysis? 
If yes, explain 

Were target analytes detected above action level specified in DQOs? 
If yes, was identification & quantification confirmed or 
second GC column if specified in DQOs? 
Reference 
Were duplicates analyzed? 
If yes, what types 

What was the relative percent difference (%RPD) between 
duplicates? 

Were any spike samples analyzed? 
What was result versus "true" concentration? 

- 

Were any computation/transcription errors noted? 
If yes, explain 

Overall assessment? 

H. 
~~ 

Notes 

Completed By: 
Due 

Subcontractor: 

Data Verified By: 
Pmr Nlmc slenu- Due 

\ 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky Flats 

Plant (RFP) to install and sample soil interstitial water samplers, to set up telemetry equipment, 

and to construct and operate a rain simulator. The SOP is divided into five primary sections: 

Installation of Tension Soil Solution Samplers and Installation of Zero-Tension Samplers, 

Construction and Operation of a Rain Simulator, Installation of Data Acquisition and Telemetry 

Equipment, and Collection of Interstitial Waters. 

0 -  
The soil moisture samplers will be installed into the side wall of soil pits excavated by a backhoe 

(see SOP GT.7, Logging and Sampling of Test Pits, Trenches, and Construction Excavations, for I 
excavation, sampling, backfilling, and decontamination procedures). All activities will be conducted 

in accordance with the Health and Safety Plan (HSP) that will be developed for these activities. 
4 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Personnel installing equipment and performing sampling will be geologists, geotechnical engineers, 

or field technicians with an appropriate amount of applicable field experience or on-the-job training 

under the supervision of a quaiifled person. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references reviewed prior to the writing of this procedure: 
~ 

Ghodrati, M., F.F. Ernest Wajury. "Automated Spray System for Application of Solutes to Small 

Field Plots". Soil Science Societv of Am Journal. Vol. 54. 1990. pp. 287-290. 

I (101 1.9~~)(GnoREv2)(0)/02/92) 
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Litaor, M.I. "Review of Soil Solution Samplers". Water Resources Research. Volume 24. 1988. 

pp. 728-733. , 

Rhoades, J.,D. and J.D. Oster. Solute Content. A. Mute, ed. "Methods of Soil Analysis 

Agronomy". Vol. 9, Part 1. Soil Sci. SOC. of Am. 2nd ed. Madison, Wisconsin. 1986. pp. 985- 

1004.990. 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

a SOP F03, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination 

SOP FO.l.3, Containerization, Preserving, Handling,-and Shipping of Soil and 

a 

a 

Water Samples 

a SOP GW.5, Field Measurement of Groundwater Field Parameters 

SOP GT.7, Logging and Sampling of Test Pits, Trenches, and Construdon 

0 I SOP GW.6, Groundwater Sampling 

a 

Excavations 

5.0 INSTALLATION OF TENSION SOIL SOLUTION SAMPLERS 

Tension soil solution samplers consist of a hollow, porous section made of PlTE (Teflon@) 

embedded with a silica which is attached to a sample vessel. Water samples are obtained by 

applying suction to the sampler that draws interstitial waters into the sample vessel. There are no 

maintenance requirements for the soil water samplers except protecting the access tubes from 

physical damage. 
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5.1 MATERIALS AND EQUIPMENT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Teflone soil water sampler 

Portable pump 

Collecting bottles 

Polyethylene tube (50 m) 

Thermo box 

Relay (200 VDC 20 amps; 3-30 VDC) 

Time domain reflectometry probes 

Plastic bags 

Stainless steel trowel 

2-mm sieve and bottom pan 

Stainless steel mixing rod 

Mixing bowl 

Distilled water 

Stainless steel trowel 

5 2  PROCEDURES 

52.1 Preinstallation 

The following steps will be performed prior to the installation of the tension soil solution samplers: 

0 The soil solution samplers, collection, bottles, and connecting tubes have to be 

cleaned before installation. The cleaning procedure is performed in acid and 

distilled water baths. Connect the soil solution samplers to a pump and pass 

approximately 200 mL of 0.1 HC1 through the porous section of the sampler. 

(401 193o.om-~)(GraORR'2)(m/02/92) 
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0 Flush distilled water through the porous section to clean the sampler from acid 

residue. The flushing process will continue until the specific conductance of the 

outflowing water is within 2 percent of the inflowing water. 

0 During the cleaning operation, the porous section and fitting of individual samplers 

wilJ be checked for leaks and faulty seals. This will be accomplished by setting a 

vacuum in each sampler and observing if the vacuum is maintained over a 30- 

minute interval. 

0 After cleaning, the samplers will be placed in a clean plastic bag to prevent 

contamination during transport to the field. 

522 

0 Upon arrival at the installation location, and immediately prior to installation, the 

porous section of the sampler will be placed in distilled water for about 30 minutes 

to saturate the sampler. 

Installation 

The goals of installation are to ensure good hydraulic contact between the sampler and the soil, and 

to minimize leakage of waters along the outside of the sampler. The following steps will be 

performed to correctly install the tension soil solution samplers and the time domain reflectometry 

(TDR) probes: 

0 Excavate a soil pit to the desired depth of the sampling interval. 

0 Install the soil solution samplers into the side wall of the soil pits. I 



PROCEDURES FOR SOIL INTERSTITIAL WATER SAMPLING AND SAMPLER INSTALLATION 

EG&G ROCKY FLATS PLANT Manual: 5-21OOO-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GT20, Rev. 2 

Page: 7 of 25 
Effective Date: March 1,1992 

Category 2 Organization: Environmental Management 
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0 Using a stainless steel trowel, excavate a tunnel into the side wall of the soil pit 

at the location where the soil solution sampler will be installed. The tunnel will 

be approximately 10 cm in length and 5 cm in width. 

0 Sieve the soil from the excavated tunnel with a 2-mm. sieve. 

After the tunnel has been excavated, mix a portion of the sieved excavated soil 

from the tunnel with water to make a slurry that has the consistency of cement 

mortar. 

0 Pour the slurry into the tunnel and push the soil water sampler into the tunnel so 

that the porous segment of the soil solution sampler is completely embedded in 

the soil slurry. 

0 Backfill the remaining area of the tunnel around the soil solution sampler with the 

same soil material that was originally excavated from the tunnel. 

0 Bring the free end of the recovery tube to the ground surface. Place the free end 

into a collection vessel, which resides inside a thermo box 

0 The soil moisture content will be measured by TDR. The application of an 

automated TDR system in the soil environment has been recently tested by 

Campbell Scientific, Inc. This system consists of a Tektronix 1502B cable tester 

that is coupled with a CRlO data logger and multiplexers to provide an automated, 

multiple-probe TDR soil moisture measurement. The installation of this TDR 

system will be performed following the manufacturer’s instructions. 

(401 1-suKlolr930)(~REv3)(m/o1/92) 



PROCEDURES FOR SOIL INTERSTITIAL WATER SAMPLING AND SAMPLER INSTALLATION 

EG&G ROCKY FLATS PLANT Manual: 5-21000-0PS 
EMD MANUAL OPERATION SOP Procedure No.: GT20, Rev. 2 

8 of 25 Page: 
Effective Date: March 1,1992 

Category 2 Organization: Environmental Management 

a 

0 Connect all the wires (e.g., data logger, pump, relay, and TDR) and test 

communication. Also see Section 8.0 for the telemetry layout. 

0 Backfill and compact the soil pit with the native soil. 

6.0 INSTALLATION OF ZERO-TENSION SAMPLERS 

Soil interstitial waters, in excess of field capacity, are free to drain through soil (mostly through 
macropores) under the influence of gravity. A zero-tension sampler consists of a collection trough 

that is placed at depth in the soil to collect interstitial water samples. The zero-tension sampler is 

made of plexiglass of varying dimensions which, depending on field conditions (e.g., varying clay or 

cobble content), will be driven into the side of the soil pits. If excessive coarse grain soils are 

encountered, the zero-tension sampler may not be able to be installed at a particular location. In 

each zero tension sampler, the water drains from the collection t r o d  to a collection bottle, which 

sits on a load cell. This water will be brought to the surface periodically through a suction line by 

the use of a hand-held vacuum pump. The suction line is made of polyethylene tubing. 

I 

6.1 MATERIALS AND EQUIPMENT 

MATERIALS 

Plexigiass of varying dimensions 
(for constructing zero-tension 
samplers and sample bottle 
enclosures) 

Plexiglas clear thickened cement 

Epoxy glue 

Vacuum hand-held pump 

Wooden pad 

Mallet 

DIMENSIONS QUANTITY PER SAMPLER 

25cmx45cm 4 
25 cm x 35 cm 1 
2 5 c m x 2 5 c m  1 
2 5 c m x  5 c m  3 

# 33 

OUnce  1 

1 

1 10 cm x 10 cm x 3 cm 

(401 1-93Mrm-~)(GrzO~Z)(m/02/92) 
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MATERIALS DIMENSIONS QUANTITY PER SAMPLER 

Bottles and caps for collection of 1 2  

water (1 & 2 liters) 

Bottle base made of PVC 1* 

Load cell SPI-3 1. 

Polyethylene tubes 

Access tubes of various sizes 
(PVC) with caps 

1 

Temperature probes 10 

40 cm long 

6 2  PROCEDURES 

62.1 Installation 
. 

The following steps will be performed to ensure proper installation of the zero-tension samplers: 

The zero-tension sampler will be made of four segments of plexiglass: a base unit 

(25 cm width x 25 cm length) and three side 'hits (25 cm x 5 an) (see Figure 

GT.20-1). 

0 Sharpen the open end of the zero-tension sampler with a file to facilitate easy 

installation. 

0 Drill a hole'(l.5-cm inner diameter) in the base of the zero-tension sampler, 

approximately 2 cm from the exposed end of the trough. 
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FIGURE GT.20-1 ZERO-TENSION SAMPLER 

Open Ended 
(Sharpened Edge) 

Draining Tube 

Recovery Tube -1 
Sample Bottle 

I ’  

7 b-, 20 cm -4 
Not To Scale 

Pad 
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0 Insert one end of a polyethylene draining tube (approximately 40 cm long) inside 

the hole; Use an Epoxy superglue to make the attachment permanent. Make sure 

that the inserted end of the tube will be flush with the body of the sampler. 

0 Dig a test soil pit to the desired depth for the sampler installation. 

0 The zero-tension sampler will be placed in the side wall of the soil test pit at an 

of the soil pit. I 
angle so that the exposed end slopes gently (approximately So) toward the bottom 

0 The sharp end of the sampler wiil be driven into the pir face with a mallet in a 

manner so that there is minimal structural and textural disturbance to the soil. 

Drive the sampler until the face of the pit is approximately 1 cm from the draining 

tube. 

0 Any voids above or below the zero-tension sampler should be filled with soil. 

0 The water sampled by each zero-tension sampler will be collected in a 1-liter 

sample bottle mounted on a load cell (A load cell is an electronic sensor). 

0 Place a sample bottle inside a threaded PVC base and screw the base into the 

loading surface of the load cell. 

e Mount the load cell on a wooden pad (10 cm length x 10 cm width x 3 an thick) 

with the bolt provided with the load cell. 
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Construct an enclosure made of plexiglass (45 cm height x 25 cm width x 25 cm 

length) to house the load cell and mounted bottle. Drill a hole in the top of the 

enclosure to facilitate an entrance to the access tube. 

Drill three holes 3 cm apart in the bottle cap to accommodate the insertion of a 

draining tube, a recovery tube, and a temperature probe. 

Drill three holes 3 cm apart in the top of the plexiglass enclosure to accommodate 

the insertion of a draining tube, recovery tube, and temperature probe. 

Place a draining tube, a recovery tube, and a temperature probe through the cap 

and h i d e  the sample bottle. 

Firmly close the caps. 

Place the draining tube, recovery tube, and temperature probe through the holes 

in the top at the enclosure. The free end of the recovery tubes will be brought to 

the ground surface prior to backfi ig  and will not be buried. 

Place the enclosure above the load cell and mounted bottle inside the soil pit. 

Connect all the wires (i.e., load cell, temperature probes, and data logger) and test 

communication. 

Calibrate the load cell reading with known amount of water added to the bottle 

via a graduated cylinder. 

The zero-tension soil solution samplers will be placed every 10-15 an down the 

soil column to the depth of the caliche horizon or other semi-impermeable layer. 

(401 I-93omn-9Jo)(GraOREV2)(~/02/92) 
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a All the enclosures will be covered with the soil removed during the excavation of 

the pit, and the pit will be compacted and backfiued. 

7.0 OPERATION OF A RAIN SIMULATOR 

A rain simulator will be used to verify that all the components of the soil solution sampler apparatus 

are interfacing and communicating with each other and the base station. Correction to the 

calibration of the load cells will be performed during the rain simulation experiment. Figure GT.20- 

2 is a schematic diagram of a rain simulator. The procedure for operating a rain simulator is as 
follows: 

1. 

2. 

The rain simulator is designed to work only on a flat area. 

The amount of water applied per experiment will vary according to the vadose- 

zone flow model simulation. 

Different air pressures will be applied to accommodate various flow requirements. 

The flow requirements will be determined by the vadose-zone modeling and 

recorded in the field notebook. 

Prevent any surface flow by adjusting the air pressure and the chain drive of the 

reversible motor. 

4 

3. 

4. 

5. 

8.0 INSTALLATION OF DATA ACQUISITION AND TELEMETRY EQUIPMENT 

Installation of data logging and data collection equipment will consist of a remote station, a base 

station, and, if necessary, a repeater station. The attached equipment list contains the required 

equipment needed to interface the data logger to the soil~sampling pumps via relay, to the sensors 

and precipitation gauge, and to the remote telemetry equipment. Since line of sight cannot be 

achieved from the soil sampling site to the telemetry base site, a telemetry repeater station is 

anticipated to be utilized to complete the data telemetry Link. 

I (401 1 -~930) (GraOREV2)(03 /02 /92)  

I 



PROCEDURES FOR SOIL INTERSTITIAL WATER SAMPLING AND SAMPLER INSTALLATION 

5-21 000-OPS EG&G ROCKY FLATS PLANT Manual: 
EMD MANUAL OPERATION SOP Procedure No.: GT.20, Rev. 2 

Page: 14 of 25 
Effective Date: March I,  1992 

Category 2 Organization: Environmental Management 

RAIN SIMULATOR 
Tor, View 

Gears and 

V 
Pillo\;, Block 

Bearing (Typical) 

Side View 

In-Line Valve 

3/4 in. CDX 

Spray Tank------) 

\ 
1 

I 

I 
I 
I 

I I 
I I 
I I 
I 1 
1 
I 

I 
I 

I I 
I 
I 

I 

I 
I 

I 
1 

I 
I 

I 
I 
I 

-Water Line \ 
Variable Speed Reversing 

/Motor (and Chain Drive) 

2 in. X 7, in. 
Angle Stiffeners 

SS Hex Nuts Welded 
To Spray Boom 

Not To Scale 

FIGURE GT.20-2 

1.101 1-93001 30-930)( F p r c  CiT.32W03101.92) 



PROCEDURES FOR SOIL INTERSTITIAL WATER SAMPLING AND SAMPLER INSTAUATION 
, 

EC&G ROCKY FLATS PLANT Manual: 5-21OOO-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GT20, Rev. 2 

Page: 15 of 25 
Effective Date: March 1,1992 

Category 2 Organization: Environmental Management 

8.1' MATERIALS AND EQUIPMENT 

8.1.1 Remote Station 

CAMPBELL SCIENTIFIC EQUIPMENT LIST 
REMOTE STATION 

ITEM PARTNO. QUANTITY 

CR-10 Control Module w/64K RAM and 
CR-10 W P  Wiring Panel 

Modem (Radio Telemetry) 

5-watt UHF Transceiver, with frequency 
403.00 MHz 

Celwave Antenna w/mount, w/frequency 
403.00 MHz 
*(or equivalent) 

(RF Cable) Coax BNCNM, Radio to 
Antenna, w/type N female (Remote 
Station) 

Sealed Rechargeable Battery 

12-V Power. Supply w/regulator 

1 2  x 14" enclosure 

P50/RF95 Bracket Kit 

Solar Panel, 18 watt w/mounts 

16 Channel, Multiplexer 

Multiplexer Enclosure 

Instrument Tripod & Grounding Kit (10 
ft.) 

CR-1OM 

RF-95 

P-50 

BA-6012-0 

BNCNh4 

PS12-LA 

PS-12 

ENC 12/14 

6228 

MSX-18R 

AM416 

AM-ENC 

CM-10 

1 each 

1 each 

1 each 

2 each 

8 feet 

1 each 

1 each 

1 each 

1 each 

1 each 

1 each 

1 each 

1 each 
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8.1.2 Base Station 

BASE STATION 

ITEM PARTNO. QUANTITY 

8.13 

RF Base Station RF-232 1 each 

5-watt UHF Transceiver, with P-50 1 each 
frequency 403.00 MHz 

Celwave Antenna w/mount, BA-6012-0 1 each 
w/frequency 403.00 MHz 
* (or equivalent) 

(RF Cable) Coax BNCNM BNCNM as req. 

IBM Computer PC, XT, PS, or 1 each 
equivalent, for operating telemetry 
system, and data collection. 

Data Logger Support Software PC-208 

Repeater Site 

1 each 

If line of sight cannot be achieved from the remote station to base station, a repeater station will 

have to be utilized. The following lists the equipment for one complete repeater station. 

REPEATER SITE 

ITEM PARTNO. QUANTITY 
~~ 

RF Modem RF-95 1 each 

5-watt UHF Transceiver, with P-50 1 each 
frequency 403.00 MHz 

Celwave Antenna w/mount, BA-6012-0 1 each 
w/frequency 403.00 MHz 
* (or equivalent) 

(401 193O-W77-93O)(cnOREv2)(oJ/02/92) 
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ITEM PARTNO. QUANTITY 

(RF Cable) Coax BNCNM BNCNM as req. 

12-V Power Supply w/regulator, PS-512M 1 each 
battery and ports 

PSO/RF95 Bracket Kit 6228 1 each 

' Solar Panel, 10 watt w/moUnts MSX-10 1 each 

12" x 14" Enclosure ENC 12/14 1 each 

Instrument Tripod & Grounding CM-10 1 each 
Kit (10 ft.) IF REQUIRED 

* Antenna Equivalent: If an alternate antenna is employed for this system, it is recommended 
that a YAGI, .directional-type antenna be used. 

82 PROCEDURES 

82.1 Remote Site Installation 

The following steps will be performed to ensure proper remote site installation: 

Assemble the instrument tripod, attaching grounding system, and secure. 

0 Attach the data logger/telemetry enclosure to the instrument tripod. 

0 Place the data logger, power supply, and telemetry equipment inside the enclosure. 

0 Attach the solar panel to the instrument tripod, orienting the face of the panel to 

the south. 

(401 lacMoTl-~)(~REV2)(03/02/92) 
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e Attach the telemetry antenna to the instrument tripod, and secure the antenna 

coaxial cable to the tripod mast With tape or cable ties. Route the antenna cable 

into equipment enclosure, but do not connect to P-50 radio. 

e Connect all wires (pump relays, sensors, solar panel, telemetry, and TDR) to the 

data logger. 

e Ensure RF Modem has a "station ID" configured as per manufacturer's 

instructions. 

e ' Connect VSWR meter between the P-50 radio antenna connector and the antenna 

coaxial cable. Set the VSWR meter to measure reflected power. 

4 

e Turn on P-50 radio and manually key the radio, checking reflected and forward 

power to check the equipment setup. Refer to manufacturer's specifications for 

forward and reflected power. 

Remove the VSWR meter and connect the antenna coaxial cable to the P-50 
radio. 

8 2 2  Repeater Installation 

If a telemetry repeater site is required for the data telemetry link, the following installation steps 

will be followed: 

Assemble the instrument tripod, attaching the grounding system, and secure. 

e Attach the telemetry enclosure to the instrument tripod. 

(401 1-9304Ot7930)(G7pREV2)(U3/02/92) 
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b Place the power supply and telemetry equipment inside the enclosure. 

b Attach the solar panel to the instrument tripod, orienting the face of the panel to 

the south. 

b Attach the telemetry antenna to the instrument tripod, and secure the antenna 

coaxial cable to the tripod mast with tape. Route the antenna cable into the 

equipment enclosure, but do not connect to the P-50 radio. 

b Ensure that the RF Modem has a station ID configured as per manufacturer’s 

instructions. 

b Connect VSWR meter between the P-50 radio.antenna connector and the antenna 

coaxial cable. Set the VSWR meter to measure reflected power. 

b Turn on the P-50 radio and manually key the radio, checking reflected and 

forward power. Refer to manufacturer’s specifications for forward and reflected 

power. 

b Remove the VSWR meter and connect the antenna coaxial cable to the P-50 
radio. 

823 Base Station Installation 

The following steps will be performed to ensure proper base station installation: 

b Install antenna on the roof of T-l3OB (to be installed by RF’P Communications 

Dept.) and route the antenna coaxial cable into the office space. 

(401 1-93OU?77930)(GnOREV2)(03/02/92) 
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0 Remove the cover from RF Base Station. 

0 Connect the VSWR Meter to the P-50 radio and antenna coaxial cable. 

b Turn on the base station and the P-50 radio and manually key the radio, testing 

forward and reflected power. 

0 Remove the VSWR meter, connect the antenna coaxial cable to the antenna 

connecter on the P-50 radio, and replace the base station cover. 

b Connect the serial cable from the base station to the serial port on an IBM 

computer. 

0 Load the Campbell support software and soil sampling data logger program (to 

be written by user) into the IBM computer. 

0 Set up the station file as per manufacturer's instructions. Before proceeding to 

telemetry testing, the following information must be clearly understood by the base 

station operator. Due to the schedule of the soil sampling project, an independent 

operating frequency could not be allocated in time, and, therefore, a "time sharing" 

method of operating the telemetry will be used. The frequency being "time 

shared" is the operating frequency for the Emergency Response Meteorological 

Monitoring System. The times of operation for the monitoring system (actual 

telemetry communication) occur once every 15 mhutes, i.e., 0801, 0816, 0831, 
0846, etc., and the duration of "on-the-air" communications is approximately 30-45 

seconds. This communication system has first priority over the system sharing the 

same frequency, and under no circumstances should attempts be made to establish 

a 
(401 1 ~ m ) ( c ; r m ~ 2 ) ( a 3 / 0 2 / 9 2 )  
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82.4 

9.0, 

9.1 

a telemetry link during the scheduled communication times of the Meteorological 

Monitoring System. 

Telemeter soil sampling program to the remote site and test the data logger 

function using the Campbell support software. 

Soil Moisture Data I 

The soil moisture data obtained by the TDR will be transferred daily to a dedicated computer using 

the radio telemetry system. These data will be processed and tabulated b y .  The soil moisture 

data will be transferred periodically to the R E D S .  

COLLECTION OF INTERSTITIAL WATERS 

The frequency of soil interstitial water sampling'will be estimated daily via remote control system 

See Section 8.0 and the project-specific field sampling plan/work plan or the Quality Assurance 
Addendum (QAA) for more information. I 
MATERIALS AND EQUIPMENT 
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Vacuum hand-held pump 

Filters (0.45, 0.22, and 0.1 m) 
Filtration device 

Distilled water 

Polyethylene tubes 

Collection bottles precleaned to EPA specifications 

Plastic sheeting 

Logbook 

(401 lacMrm-930)(~REV2)(m/o2/92) 
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0 Sample labels 

0 HACH portable laboratory equipment for measuring pH, temperature, and 

specific conductance 

9.2 PROCEDURES 

92.1 Zero-Tension Sampler 

The following are the procedures for using the zero-tension sampler: 

0 Rinse the collection vessel and the d;aining tubes with distilled water, following 

the procedures in SOP GW.6. 

0 Connect the recovery tube of the zero-tension sampler to a polyethylene access 

tube about 40 cm long (see Figure GT.20-3). 

0 Connect the polyethylene tube to the draining inlet of the collection vessel. 

Attach a polyethylene tube about 25 cm long to the evacuation tube in the 

collection vessel. 

0 Connect the portable vacuum pump to the polyethylene tube and hand pump the 

system to approximately 50 kPa. The water from the zero-tension sampler will 

flow from the zero-tension sampler collection bottle to the collection vessel. 

0 Measure the pH, temperature, and specific conductance, following the procedure 

in SOP GW.5. 

(401 1-sM-oan-930)(GlaoREV2)(03/02/92) 
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FIGURE GT.20-3 
COLLECTING A SAMPLE FROM 
THE ZERO-TENSION SAMPLER 

..- 

Not To Scale 
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922 

0 Filter the soil interstitial water by using a sequential filtration mode (0.45, 0.22, 

and 0.1 pm) described in SOP GW.6. 

0 Pour the sample into the appropriate sampling bottle. Ld&! and submit the 

sample bottle to the designated lab according to SOP F0.13. 

Tension Sampler 

The following are the procedures for using the tension sampler: 

0 Rinse the collection vessel and the draining tubes with distilled water, following 

the procedure in SOP GW.6. 

0 Pour the soil interstitial waters that are acc&ulated in the collection vessels 

housed inside the thermo box into a collection vessel. 

0 Measure the pH, temperature, and specific conductance, following the procedure 

in SOP GW.5. 

0 Filter the soil interstitial water by using a sequential fitration mode (0.45, 0.22, 

and 0.1 pm) described in SOP GW.6. 

0 Pour the sample into the appropriate sampling bottle. and submit the 

sample bottle to the designated lab, according to SOP F0.U. 

(401 1~930)(GnOREV2)(U3/02/92)  



PROCEDURES FOR SOIL INTERSTITIAL, WATER SAMPLING AND SAMPLER INSTALLATION 

EG&G ROCKY FLATS PLANT Manual: 5-21OOO-OPS 
EMD MANUAL OPERATION SOP Procedure No.: GT20, Rev. 2 

Page: 25 of 25 

Category 2 Organization: Environmental Management 
Effective Date: 2/ad/4+ 

10.0 

11.0 

s- e 

G 
?' 
4 
§ 

d 
Q 

* 

DECONTAMINATION 

Excavation equipment will be decontaminated prior to excavating each trench or pit and at the 

conclusion of the operation. Sampling and peeling equipment will be decontaminated prior to 

collecting each sample. Care should be taken to inspect and monitor all excavation equipment, 

especially the backhoe, to ensure that no hydraulic and/or fuel leaks add contaminants to the site. 

Specific decontamination procedures are described in SOP F 0 3 ,  General Equipment 

Decontamination and SOP F0.4, Heavy Equipment Decontamination. 

DOCUMENTATION 

All field information required by this SOP will be documented on Forms 

and C. Form GT. 

sampling. Form G be used for recording data collected during soil interstitial water 

sampling. Form GT.2OC will be used to record data during fdtering of the soil interstitial water 

sampling. Field observations and data will be recorded with black waterproof (permanent) ink on 

the field data forms. 

be used to record data during excavation o 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky 
Flats Plant (RFP) to conduct cone penetrometer testing (CPT). This SOP describes personnel 

responsibilities and qualifications, testing equipment and procedures, and documentation 

. requirements. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

All personnel performing these procedures are required to have the appropriate health and 

safety training as specified in the site-specific Health and Safety Plan. In addition, all personnel 

are required to have axomplete understanding of the procedures described within this SOP and 

receive specific training regarding these procedures before CF'T begins. 

Personnel performing CF'T must be highly trained individuals who understand the test 

characteristics and geology in which they are testing. Field managers will have had previous 

field experience performing CF'T. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a list of references revieweb prior to the writing of this procedure: 

A ComDendium of SuDerfund Field ODerations Methods. EPA/540/P-87/001. December 1987. 

For Cone P m a t i o n  Ta. U. S. Department of Transportation. July 1978. 
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Meigh, A. C. Cone Penetration TestinP (Methods and Intermetation) . Construction Industry 

Research and Information Association (CIRLA). 1987. 

Penetration Testing. Institution of Civil Engineers. 1989. 

Robertson, P. K. and Campanella, R. G. Guidelines For Use & Interpretation of the Electric 

Cone Penetration Test. Hogentogler & Company, Inc. September 1984. 

4.2 INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP F0.3, General Equipment Decontamination 

SOP F0.4, Heavy Equipment Decontamination. 

SOP F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors 

( F w  

SOP GT.22, In-Situ Sampling With BAT System 

4 
0 

0 

SOP GT.17, Land Surveying 

0 

5.0 TESTING PROCEDURES 

5.1 GENERAL 

CPT provides a way to rapidly measure soil parameters such as bearing, friction, and pore 

pressure (if a piezometric CPT is used). Electric cone penetrometers have built-in sensors 

(usually strain gauges) at the tip and sides (sleeve) of the probe that measure penetration 

resistance and side friction of soils. Typically, tip penetration resistance and sleeve friction are 

different for clayey soils when compared to granular soils. This makes CPT useful for 
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identifymg sands and gravels versus clays and silts. See Figure GT.21-1 for an example of a 

CPT log. Four important uses of the CFT data are: 

0 To identify soils and evaluate subsurface soil profiles 

To interpolate subsurface conditions between control boreholes 

To evaluate soil parameters (Le., shear strength, etc.) 

b 

0 

0 To measure soil moisture content 

A special rig is used to hydraulically push the CPT tool into the subsurface. Segments of rod 

are added as the probe is advanced at a constant rate of 0.6-1.0 inches (1.5-2.5 cm) per second. 

Continuous measurements of the penetration tip resistance and sleeve friction are recorded. 

These data are transferred through an electrical cable, connected to the CPT probe, to a 

computerized data acquisition system in the rig. Typically, data is recorded at approximately 

every 0.4-0.8 inches (1-2 cm) of penetration. The collected datd can then be interpreted to 

provide information on the engineering characterization of the subsurface soils. 

CPT may not be successful in soil that contains cobbles, boulders, rock, or other debris. These 

materials may damage the cone penetrometer (CP) probe or make it impossible for it to 

penetrate into the material. Sites will be evaluated for these conditions before testing begins to 

determine if CPT is appropriate. In addition, many projects require conventional borings to 

supplement CPT. 

The following sections give details on equipment and procedures for CF'T along with 

documentation requirements. During CPT, the appropriate personal protective equipment 

(PPE) as specified in the site-specific Health and Safety Plan will be worn at all times. 
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5.2 EQUIPMENT 

The following is a List of equipment that will be needed for cone penetrometer testing: 

Rig equipped for CPT 

CPT rods 

CPT electric probe 

High-pressure steamer/sprayer 

Long-handled bristle brushes 

Wash and rinse tubs 

Phosphate-free, lab-grade detergent (e.g., Liquinox) 

Distilled water 

Plastic sheeting 

Sample locations (map and/or list) 

Appropriate health and safety equipment 

Log book 

53 CPT PROBE AND RIG 

The CPT probe is composed of a 1.4 inch-1.8 inch (3.6 cm-4.6 an) diameter probe with a 

conical point. Most CP probes are 1.4 inches (3.6 cm) in diameter. Typically, electric cone 

penetrometers have strain gauges that measure penetration resistance and side friction of soils. 

The continuous data from the strain gauges is transferred electronically through a cable, 

connected to the probe, to a computerized data acquisition system in the CPT rig. See F w e  

GT.21-2 for a schematic diagram of an electric CP. 

(a01 I-93Mwnk93O)(GT21REv.l)(B/B/92) 
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A friction reducer or coupling is usually placed approximately 1.0 ft-3.3 ft (30 cm-100 cm) 

behind the cone tip (see Figure GT.21-2). The purpose of the friction reducer is to increase the 

hole diameter in order to reduce soil contact against the cone rods. This makes the CP easier 

to push into the subsurface. Typically, a 2-inch long steel tube is welded (and chamfered to 

30") over the cane rod as a friction reducer. 

CPT rods used to hydraulically push the CPT probe into the subsurface are made of high-tensile 

steel with special tapered threads. They are usually 1.4 in (3.6 cm) outside diameter and 0.6 

inches (1.6 cm) inside diameter. A standard push rod is 3.3 ft  (1 m) in length. Rods smaller in 

diameter than the cone base may be used, but there must be a minimum length of 39 inches (1 

m) of rod immediately above the cone that is the same diameter as the cone (see Figure GT.21- 

1). 

Rigs outfitted with a hydraulic jacking system are utilized to push the cone penetrometer, into 

the subsurface. The rigs are usually specially built, but an anchored drill rig or trailer-mounted 

setup can also be used. There are light, medium, and heavy rigs depending on the thrust 

required. This SOP addresses CF'T with medium and heavy rigs. The CPT rigs are often 

mounted in heavy duty trucks that are ballasted to a total dead weight of approximately 15 

metric tons (150 kN). Screw anchors are then utilized to develop the extra reaction to reach the 

maximum thrust of approximately 20 metric tons (200 kN), if needed. The rigs are usually 

separated into push and data acquisition workspaces. 

5.4 PROCEDURE 

Before testing, sites will be located, numbered, and identified using stakes (or paint sticks on 

paved surfaces). Refer to SOP GT.17, Land Surveying, for more information regarding site 

location procedures. 

(401 1.93Mw7~930)(G~lREv.1)(03/03/92) 
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M e r  test sites have been lowted, an exclusion zone will be established according to the project 

Health and Safety Plan, and the CPT rig will be set up. The procedure for conducting CPT at a 

specific location is as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

Decontaminate the rig and downhole equipment. See SOP F0.3, General 

Equipment Decontamination, and SOP F0.4, Heavy Equipment 

Decontamination for specific details regarding decontamination. 

Set up the rig to obtain a thrust direction as close to vertical as possible. The 

maximum acceptable deviation from vertical is 2%. 

Advance the CPT probe and add CPT rods connected hand-tight as the probe 

advances. The electrical cable used to transfer data to the surface will be 

continuous, and it will be prethreaded through.the push rods before the test 

begins. 

Monitor the breathing zone of the CPT rig for volatile organic compounds 

(VOCs) during testing. See SOP F0.15, Photoionization Detectors (PIDs) and 

Flame Ionization Detectors (FIDs), for more information regarding the use of 

monitoring instruments. 

Check the computer data acquisition system before CPT begins and also during 

testing to ensure that it is working properly. 

Advance the hole at a continuous rate of 0.6-1.0 inches (1.5-2.5 cm) per second 

to the desired depth. 
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I 7. 

. 8. 

9. 

10. 

11. 

Record the appropriate readings/measurements at every 0.4-0.8 inches (1-2 cm) 

of penetration using the computer data acquisition system (Note: readings 

should be taken at regular intervals, and the interval between readings shall 

never exceed 7.9 inches or 20 cm). 

Review and evaluate field plot(s) of tip/sleeve resistance to ensure data quality. 

When the test is complete, pull the CPT out of the subsurface. If the rig is 

equipped for it, the hole will be grouted from the bottom as the rods are 

withdrawn. 

If the rig is not equipped to grout up the hole, screen the open hole for volatile 

organic compounds (VOCs) after the CP has been pulled out of the ground. 

See SOP F0.15 for more information regarding the use of monitoring 

equipment. 

Grout the hole up if it has not already been completed by the rig. PVC pipe 

may be used if the hole did not collapse. If the hole collapsed, hollow CPT 

rods and a sacrificial tip will be used. The PVC pipe or CPT rods will be 

pushed to the bottom of the hole. Grout will then be pumped to the bottom of 

the hole as the CPT rods or PVC pipe are withdrawn. 

If CPT testing is used at landfill sites or other sites where heavy debris (Le., concrete, wood, 

etc.) may be present, special care will be taken. Readings will be monitored closely as the CP is 

pushed into the ground in order to recognize debris. If debris is encountered, the CP will be 

pulled out of the ground, and the hole will be grouted up. The CP system will then be offset 

(see Section 5.5 for minimum offset distances), and a new site will be tested. This procedure 
will be repeated until the desired depth is reached. 
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If lubricants are required for downhole equipment, only pure vegetable oil will be used. If gas 

and/or liquid samples are to be taken, the sampling procedures will be carried out according to 

SOP GT.22, In Situ Sampling With BAT System. 

The thrust used for CPT testing is approximately 10-20 metric tons (100 kN-200 kN). In soft 

soils, however, a thrust as low as 2 metric tons (20 kN) may be sufficient. The test rods may 

buckle if a thrust of greater than 20 metric tons (200 IdJ) is applied. Generally, in most 

uncemented soils, a thrust capacity of 10 metric tons (100 kN) will handle more than 90% of 

CPT to 98 feet (30 m) depth. 

CALIBRATION AND CHECKS 

The CPT probe will be checked before a test begins and between test holes to ensure that its 

dimensions and surface roughness are within acceptable limits. The test system will also be 

calibrated as needed, and the calibration will be documented. Specifically, the load cells will be 

calibrated according to manufacturer specifications and industry standards at least every three 

months. 

Before performing CPT, the straightness of the push rods will be checked. The bottom five 

push rods will be particularly checked by rotating them to see if they wobble. If a wobble is 

noticeable, the push rod(s) will a be used. 

CPT will 

be performed within 10 ft (3 m) of an uncased or d i e d  borehole. 

be performed within 3.3 ft (1 m) of an existing CPT site. In addition, CF'T will not 
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6.0 DECONTAMINATION 

All equipment including the rig, probe, rods, etc. will be decontaminated before arrival at the 

work site. Between test holes, all downhole equipment will be decontaminated. 

Decontaminated equipment will be placed on new plastic or racks until it is used. CPT rigs will 

be decontaminated when moved out of a work area or when they become unusually dirty as a 

result of site or testing conditions, at the discretion of the site or project manager. See SOP 

F0.3, General Equipment Decontamination, and SOP F0.4, Heavy Equipment 

Decontamination, for specific details regarding decontamination. 

7.0 DOCUMENTATION 

All information required by this SOP will be documented on the Cone Penetrometer Testing 

Form (Form GT.2lA) and/or the CPT log. The Cone Penetrometer Testing Form will be fded 

out for each day of testing at a given location and, in situations where more than one test hole is 

completed per day per rig, at least one form will be completed per test hole. The Cone 

Penetrometer Testing Form will include the following information and have space for comments 

and documentation of general observations: 

Project name 

Date 

Site location/identification and coordinates 

Weather 

Testing company and personnel 

Equipment descriptions (i.e., rig, probes, etc.) 

Environmental monitoring results 

Grouting details 

End-of-day status @e., partially complete, complete, etc.) 

I 
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0 Comments/observations 

A n y  additional comments and/or observations will be recorded with black waterproof 

(permanent) ink in a bound log book with consecutively numbered pages. 

All final CPT logs should have headers. At a minimum, the header should include the following 

information: 

Project name 

0 Date 

0 Site location/identification 

0 Elevation and depth reference 

0 . Testing company and operator 

0 Equipment information 

I Total depth 

I 

4 
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U S .  DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT2lA (REV. 1) 

CONE PENETROMETER TESTING FORM 

Project Name: Date: 

Site Location/Identification: 

Coordinates: North (Y) East (X) 

Weather Conditions: . 

Testing Company: 

Testing Team Leader: 

Testing Team Member: 

Testing Team Member: 

Rig Type: 

Cone Type and Size (In): 

Total Depth (Ft): 

Grouting Details: 

End-of-Day Status: 

HIGHEST ENVIRONMENTAL MONITORING RESULTS 

Organic Vapors: 
VdW Urnll lmtnrmcnt u8ed 

Comments: 

Completed By: 

Subcontractor: 

Pmt Name S l p l u r C  Due 
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2.0 PURPOSE AND SCOPE 

This standard operating procedure (SOP) describes procedures that will be used at the Rocky 
Flats Plant (RFP) for obtaining appropriate approval for construction activities on or near 

Individual Hazardous Substance Sites (IHSSs). This SOP is applicable to all operations 

conducted at the Rocky Flats plant site involving any type of construction including excavation as 

defined in the plant H&S manual. This SOP describes personnel responsibilities and 

qualifications, and procedures for construction activities. 

3.0 RESPONSIBILITIES AND QUALIFICATIONS 

Personnel overseeing construction activities will be engineers or other trained construction 

coordination personnel with an appropriate amount of applicable field experience or on-the-job 

training under the supervision of another qualified person. In addition, all personnel are 

required to have a complete understanding of the procedures described within this SOP and 

receive specific training regarding these procedures. 

Personnel using light or heavy equipment, scientific monitoring devices, or operating company 

vehicles must have appropriate training and/or licenses. 

4.0 REFERENCES 

4.1 SOURCE REFERENCES 

The following is a reference reviewed prior to the writing of this procedure: 

A ComDendium of Superfund Field ODerations Methods. EPA/540/P-87/001. December 1987. 
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EG&G. Rockv Flats Plant Environmental Restoration Health and Safety Proeram Plan. 

October 1990. 

4 2  INTERNAL REFERENCES 

Related SOPS cross-referenced by this SOP are as follows: 

0 SOP FO.l, Air Monitoring and Dust Control 

SOP F0.3, General Equipment Decontamination 0 

0 SOP F0.4, Heavy Equipment Decontamination 

SOP F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors 

(nDs)  

0 

0 SOP F0.16, Field Radiological Measurements ' 

5.0 CONSTRUCTION PROCEDURES 

5.1 IHSS BOUNDARIES 

IHSS boundaries are not legally defmed, (i.e., boundaries cannot be staked to the nearest foot). 

Therefore, they are subject to interpretation. IHSS location maps that are presently in 

circulation are to be used for preliminary planning only. If a determination of a IHSS boundary 

is required in the field, this determination must be made by designated EM personnel in 

coordination with the Rocky Flats Plant excavation coordinator. 

(011-8004QS1800)(GT24REV.O)(S/1 I /92) 
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52 CONSTRUCTION AUTHORIZATION 

All proposed construction and excavation plans on or near IHSSs must be presented to EM 

personnel for approval. Site drawings showing proposed construction and excavation locations, 

as well as an excavation plan showing the placement of excavated soils must be submitted to the 

RFP Excavation Coordinator in the Construction Management (CM) branch of Plant Facilities 

Program Management. The plans will be reviewed by a joint EM, H&S, and CM excavation 

committee (known as the Soil Disturbance Assessment Committee) for compliance with EPA 

and CDH guidelines, proper H&S procedures, and for interference with plant utilities. 

Additionally, all projects will be reviewed by EM to determine whether a IHSS will be impacted 

by possible groundwater inflow. Approval of the joint excavation committee, must be obtained 

before excavation to proceed. 

5 3  SAMPLING 

If a proposed construction project has been deemed by Environmental Management to impact a 

IHSS, a sampling plan will be required and sampling will be done. At the completion of 

sampling, a risk assessment will be completed using analytical data from samples to get the 

disposition of the soils. The preparation of the sampling plan shall be at the direction of the 

EM department. Costs incurred to complete sampling, analysis, and risk assessment shall be 

assumed by the project user. 

5.4 PROCEDURES 

Construction activities that may generate dust will be carried out according to SOP FO.l, Air 
Monitoring and Dust Control. During construction activities that require excavation of soil, 
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monitoring for radionuclides and volatile organic compounds (VOCs) may be required by H&S. 

See SOP F0.15, Photoionization Detectors (PIDs) and Flame Ionization Detectors (FIDs) SOP 

F0.16, Field Radiological Measurements, and the Site-Specific Health and Safety Plan for more 

information regarding the use of monitoring instruments. 

All residual soils within a IHSS will remain within that specified unit. There are provisions for 

moving soils off of IHSSs in special circumstances where the soil can be characterized as non- 

hazardous material. This determination will only be made by EM after sampling and risk 

analysis is completed. Additional time should be planned for projects if this is to be considered. 

The soil to be left in the IHSS may be graded, mounded, and used as backfill, as long as it can 

be demonstrated that there will be no danger of distribution off of the IHSS by erosion, wind, or 

hydraulic (surface or subsurface) action. Removal of soils from the immediate area of the 

excavation must be outlined in the excavation plan. 

% Treatment of residual soils and redistribution back into a IHSS is prohibited. Soil brought into 

a IHSS will be considered potentially contaminated soil, and therefore cannot be removed from 

the unit once it is brought in. Transfer of soils between IHSSs is prohibited. 

Excavation in or near IHSSs must consider possible encounters with contaminated groundwater. 

Pumping of groundwater off a IHSS into other areas is prohibited without proper authorization. 

This authorization can be obtained only after sampling and analysis (contact the Clean Water 

Act division of EM at plant extension 4368). Additionally, design of excavations that encounter 

potentially contaminated groundwater may require sampling points (sampling wells) that will 

remain after construction activities are complete. All incidental waters that interfere with 

construction will be tested before they can be removed. For excavations in or near IHSSs that 

may encounter contaminated groundwater, steps will be taken to ensure that future migration of 
groundwater out of the IHSS will not occur. 
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Residual soils that cannot be graded, mounded, or used as backfill will be placed in appropriate 

containers and stored at the IHSS. 

6.0 DECONTAMINATION 

All equipment will be decontaminated before arrival at the work site and again between 

construction sites. See SOP F0.3, General Equipment Decontamination, and SOP F0.4, Heavy 

Equipment Decontamination, for specific details regarding decontamination. 

7.0 DOCUMENTATION 

All information required by this SOP will be documented on the appropriate forms attached to 

this SOP. 

IHSS construction will require an excavation package. The person proposing construction will 

submit a completed Soil Disturbance Assessment Committee Evaluation Form (see attached), 

accurate plans/drawings showing specific location of work, and scope of work to be performed 

to the Excavation Administrator. This request shall be made a minimum of two weeks prior to 

start of work. 

The Excavation Specialist will prepare a Site Survey Determination for Environmental Impact 

and Worker Exposure form and a Soil Disturbance Assessment form (see attached). He will 

submit the Site Survey Determination for Environmental Impact and Worker Exposure form to 

Environmental Management (EM), Industrial Hygiene (IH), Facilities Engineering (E), 
Radiological Engineering (RE), and Construction Safety (CS) for pre-job environmental and 

worker potential hazard(s) exposure assessment. 

( 4 0 1 1 ~ ) ( G T Z 4 R E V . O ) ( 5 / 1  I /92) 



U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT 

LAND USE REQUEST 

SOW or CA Title: Authorization No: 

WC No: b ,fork Manager: Group: Phone No.: 

~ 

Check the Boxes IAGDriven 0 Routine Program 0 Other 
That Apply: 

Regulatory Driven Site Investigation Describe 

0 RCRA 

CERCLA 

Job DescriptiodObjectives: 

Location Description (Describe Below and Indicate on Locator Map to Right - Also 
Attach Detailed Plan and Location Map): 

mergency Contacts (Name and Number): 
;&G Project Manager: B m n  0 P 

Subcontractor Manager: 

Plant Support Required? If Yes, ListflDexribe (If No, List Contractor Support To Be Provided): [7 Yes 0 No 

Duration of Project (Include Start/End Dates): 

[s This  Follow-Up To Existing Work? c] Yes 0 No 
Contract No. Title Manager 
Describe: 

Note: Upon Contract Award, Submit List of Subcontract Personnel Needing Access to Buffer Zone 

~ I RECOMMEND REFERRAL TO RFP LONG RANGE PLANNING COMMITTEE 
~ 

I 

PERMISSION DENIED 

REQUEST MORE INFORMATION AS SPECIFIED 

PERMISSION GRANTED I LMC Signature: I Date: lcontrol NO. - 
P . r i # c d  01102 
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EXPLANATION 

E S T I M A T E D  MAXIMUM E X T E N T  OF 
S U R F I C I A L  SOILS C O N T A I N I N G  
TWO dpm/g A C T I V I T Y  BY 
CDH PROTOCOL Q 
10 ACRE SpsPuNG 
PLOT LOCAII%NS 

10 A C E  SAFPUN; PLOT 
LOCATICNS MRTH AN3 93JTt-I 
cFmRmELNIT2 

2.5 A C R E  S A M P L I N G  
P L O T  L O C A T I O N S  

0 f e e l  1 0 0 0  2 0 0 0  

C O H T O U B  I B P B B V A L  = 2 0  PIIT 

U.S. DEPARThPENT of ENERGY 
Rocky Flats Plant, Golden, Colorado 

OPERBBU UNIT NO. 2 
PHQSB II RFIp BORK PLAN 

PROPOSED SURFIW SOIL SAMPLING 
PLOT IDENTIFICATION NUMBERS 

FIGURE 1 4/4/91 
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EXPLANATION 

ESTIMATED MAXIMUM EXTENT OF 
SURFICIAL SOILS CONTAINING 
TU0 dpm/g ACTIVITY BY 
CDH PROTOCOL c 

2 . 5  ACRE SAMPLING 
P i 0 1  LOCATIONS 

1 

S~OIL TYPES 
1 
I 

LOCATION OF SOIL 
( 1  to  Xs SOLUTION SAMPLERS 

SOIL  PROFILE SAMPLING 

OPERABLE UNIT  2 
‘6 To xa LlOCATIONS FOR 

3 
I :  I 1 
0 tmst 1 0 0 0  2 0 0 0  

C O R , T O U B  I A T S B V A L  = 2 0  PSBY 

us. ~EPARTMENT of ENERGY 
Rocky Flits Plant, Golden, Colorado 

I 

I O P W  UEIIT NO. 2 
PHBSE II m/IU BORE PLAN 

PROPOSED SURFICIAL SOIL 
SAMPLING LOCATIONS 

FIGURE 2 4/4/91 


